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$li« ^9&&m»mm of ^XQSA ddafoXatioii i s ent of t ^ i^tun^ 
ti9% ^nt ^ot voaainod oaiiintlA for 9%mvaeiA9m BroagtSt L^oa&iiti 
to tiio 9fmrwm%sm of tliOA liloot to a moo of 9ol44 eo&gttXtiftt 
hmwmff mmh otA^limg tlioy »igkit li«ro Afpoarod to in^iiioitiTo 
odioatijrl* t&xi>%^ &i«8t ^^zv loast tisiaoxwtood uatll faif'Jir 
moosl^ aaA« oo stiolig 03»»«&8 9f ^3^otko»«o wore uoii«r«4 1% to 
^ i^ f t ovor tho alosliig liiika 1»etwoon %hm isolator o^sofratl^eio 
at Aiffoim&t pboaoii of our mtderotasliaf of tbo 1»loo4 ooaguXatioii* 
to add to tliis oxistlag otmf \i»io»i lirsiaAo 9S f aotozw with ail 
f orao of doooriftiro noainsXatmro wort elai«od partiouIari3r» la 
th9 rooool dooadoo or oo« fe;^ imriovM lalioratorloa al l i3fr9V tlit 
world as ladepoadoat luid oaaozstial ooaponoato dotozmiiiiiig tlio 
•pood of tlio olottHif prooooo* ilioa oao loolra l»aolC| la rotroofoott 
to tlui jroaxs and i^f orta loft ^okind la tho p\Kr8\at of ooagulatioa 
rwtoantlii €Ao oamot lialp f ooilug tliat apart f roa tiM iatnnaio 
l^aloal MaitatioiMi of ao^odologjr ia roaoXTiag tlio oorloo of 
aolo9itIar oroato iarolYod i& tiio proooos of ^lood ooagttlatioa« 
liov maih of t&e ooof naioa was dw to tao prolif is roports on 
OTorsrowtiiig dosoriptlTo donoatoatioas aad Idoaa oror ^plaialaf 
a l l poasi^lo altoatativos to f i t ia tMo faivts aad tao artofaots 
of lateratory o^sowati^is* M tho a«et fow paxagra^s^ atto^ta 
win ym »do to traoo tao ifvoltitioa of idoas ooaceviajj^ g tdio pl^ oa»-» 
»oaoa of lilood ooagtilatloa« ifforts will also lio aado to oa s^Mfato 
•arloas toms waioh aaro %ooa dosori^od or disotassod f roa tiao to 
tiao vRtil t ^ jptooat tiaes* 
tlio vnl«m1|iia4iii« of mo ospotto of tlio l^y*s 4^oi»«i afMaot 
&oao]!9li&io« BidTooto ixcrolTlag tlio 9oftia3jitim atolia^yia o^tiritusto 
on i%ei?taa» ^9»i«i«a0i of ao^Mity aat aiofKaJLitj* tliooo diaozdtio 
wiy ^ 4iio to iLaa4o<|uato iiomiMitMiio aaiilfootoi l^ «K9«SS1TO bX««4» 
ISf or Am to lAtsovaoQiilar olottiagf tlu?o«%K»oJji aa& oatelioa* 
IXood oXett^ftg alioiiaiaiiom o«m 1M &iirli&o& iato t^o f oaturooi 
«l#t fofafttioa aad olot ronori^ X* l&otto ^ o aso^moloao j^#f*« t l o t t i a i 
asA fitenooljra^ s^xw ooatroULod I f aatiftoapaajo^o aa4 fi^ oooagttln^to 
ia tho body aaA aio of ]^ #oo4 ^ oaoii ottei* to atnim a ^azwaioiio 
tuOAniio la thm o^d^ r whloh d^o^o^oo t&o f l i iMlty of bIoot« 
« i t ^ tl)o TapM aiYaaoo la tlilo oulijooti lot of soiulion* to 
0I/& j^foHlom ax« ^ l a g aaoworod* Br« v,s« ioogoro ia l i io opooial 
avtioXoo {%$$$) *Aa omtilao of teoie 9mjmlem i& blood oXottlag" 
iiiio latvodi«i«d tho subjoot rmvf ftffjpoprlatol^ W oaylagi *Uleo 
ot&oir ooQliaaioaB la i^^ io lo i^ , tlio oXottlag of lilood ie ^ txwioi!^ 
4oi» latftifoat to tHo p^oloiaa &» wolX as to tlio baolo ooloiitiot* 
la )>Xood iKfciielag, otirgofy waA ptia^lat of bloody throaboolSf 
lioaosxbagio disoaooo* aut?ltloa| wound )ioal|&i» &s& pvmotioaXly 
0V019 i^iioo of aodioal praotloo, tlio p&oaoatmoa of blood olottlag 
h&» to bo doalt Willi ospovtajr •••« i^iuflail t&o past ^iiarloif ooatuf^i 
px^grooo la tao blooaoalatssr of tao blood olottiag aooliaaioao bao 
booa aarpaoood by ao otbor dovolof a«ata t^ioa ooaaidorod i a tbo 
Xi^tit of tbo tialqao iaaigltto gaiaody tbo oo^loxity of "^o 
oboaiotry "^lat baa booa oltioldatoit and tbo foraldabXo diff loultloa 
tbat baoro booa ovoi«oao« Vow oaan^loa of aatiupo** wayo baro booa 
l^#ad»mda of blood oXottlag nood ao l»&mw l»t Moli^ upon as « 
tUAU but ftftn iMi oooa oo oao ••• Isxtostfttod 3f«t«» •«•**• 
40 ^ tifaooo tiio oroXnlioa of ooaoopto oa )>looi oo%#i2stioii 
throng ^€o*t <»io ooato oorooo ooroi^ a]. Iiifoi^aist ooatilbiilioaot 
!»fh foots and foiioito* 1% wm pemihl^ Ari^totlo wiio '^ou^it 
f izot %&a^  t&o ooogylii^ioii of Ol^ od io duo to t^o px^ooaoo of 
fl)»«^tio ttgitoxlAi* a« obaoxTod t$i»t Iklood W113L oot oottgulato if 
tiio f i¥ox« &m roaorod* Karroy ^ Xdsa ooaoidoapod Olood to t>o ii 
alstitro of rod aM ifMto poxtioao w^i^ mm ooxouo atod f iOrooo* 
Maip&i^i ilM^) diooovoz^ tlio Olood ooil^ uooa^o 0/ wao&ioi 
ti^ o oiot ted h9 onowod %h&t ooiouriog amtt^w o£ 0Xo<^  lo diff omul 
f zott t&o n^itiiOi f i)»r9\io part. Ho oOoofrod tl&o ^ l o f iOPo^ 
asitoriaX of t^o blood«olot imdor tho alozoooopo to bo oos]?oood ^ 
o aotwaiiE« 
& l^ aSf OoUiao oonf imod tlio idooo of l^X]»lgll, ototiii« 
tkat blood ie oon^oaod of a ^'orjotoXlla.o ili4tior oad rod emgmvmm^ 
w&ldOU ooikg l^atoo ^•n tx%vmrmmt9&f th^pill^ pOaljif a aoro ooIM 
ocaaistonoo pvodnood Ij^  a«iiiifold fibom**« \ flio Uood oltotf h9 d«o* 
orlbody io nado \»9 of thim, ftXmm^9 or wn^mimm oaoloolag tho 
rod pgrtioloo* 
i'otit iXfm) doolar«d tliat ooU ^^ ^^ t^o n^ tiio blood doaot 
oo«Hpil».toi m& tb&t tHo ooiigulatod portloa ooatv^to mA ^^Imm 
part or oonat ooparfttoo fi^tt tl&o oiot* Ho ooof4i^ |Md t&at ^ o 
ooasiotono? of tuo olot ri^wUm wit& t&o proportl^vof tbo «^to 
mt^r pvmmt* B^nm- (Xnt) ooiorirxsd nvromX fiadiafsi ^ Petit 
aJoA mx^XgkX aai t«xn«& tlft« T9&isa« oi &XX mteriaX* f 7«»ftxzl in 
&« taiaitif ftXf oriistfilaX woxle of 3P«ai Mignif ioaa<i« mm of 
lovom in i773U Howftoii Maoivod tbo ooftfiOiilIo l^ m|& in it« fluid 
ot&to fxua tbo %ioo4t and pvofrodi tliist tho ooa^ulntiom of ^irs^ i« 
«|Ui1to iistopoiilosi €f tho otii9ir p»rt«t <^^ ^ ^ t ^^^ i^B«oollular 
•Xoaoiilo of thm blood plajraA an ii^ortaiii i*ol« ia ooagmlatioa. W 
ttoiitg blood oodiiMseling at rmpU, a^ood, j ^ sldsuBed off tho plii«»i 
lMfox*o 0lotting liid talEon plaoo and doiianotfAtod tho olotting of 
ooll*4l^ 900 ipli«aa« Similar oboowation ««« mado, ifllion lio H ^ t ^ a 
Yoin ioil. tiio blood «ao ontvappod betwoon tfoo ligaturoo« w&on th* 
oolls &M oottlod downt h9 roaovod plaoaa wliion than olottod* 
Howa«&*o oxporiSMnto on off oot of -raifiouo to^orattiroo on tno oo-
agulation of blood w«i»o Torjr istorostiag aal valiiablot Ho ouopondod 
tno ooagi»latiag pmw of blood b|' f roosingi whiah wa» rootorod i;^ on 
t&ttwing* Mo haA onown tlio proportioo of 2^ngh ^ kooping it in 
fluid otato by noutiral salts« and pjfoirod tliat i t would yat ooagulato 
aftor -^0 addition of imt«r« E« provod also tliat eoagtalation is 
dolagrod ulion tbo blood is stagnatod, oitHo^ r aitif ioialljf o? insido 
i t s o«n rossols« -^aa n^on it i s voaorsd tvom thorn* Ho bad shown 
tha ]po«axliablo folo plairod by tho Tasoiilar ondo'^oliD^ in nsintaiiw 
iag tut blood in i ts f Inid stato* fho f ibroiJts struotmro %as naasd 
as f ibirin aiad that tho ooag^ation of blood is alono doponlont on 
tho fibrin* Hovson had woll ostabli^od that thoir form in bloed 
was voU pfossxTod bf ^^ sllao »ittor ei tho soinM« aM by tho 
aq,^ dii» »iil^loB8 of aeutfttl w&Xf outaiS* tiid bo<ly« Ht s«i^ «««t«& 
f ilnria tw&m thn ^lood ailiif lAially ^ atdiai; th« aixtiir* df t^M* 
•aXta* 
9«iii8 (2359) 9r«p&3fed a pjptdlpit&tt W »atmmtioa sf pla«aft 
with •oftiiiB oHXerii*! i^ioh vh9& di9SoXir«4t mi«L«zw9iit spdiitaiitoiii 
oesgiHatidaf hm99 tkvy mjmA i t aa f ibrii»»pxw>\ar803r or '*fibria»g9i:^ * 
Hm»^te94a?7) purif ltd nbriA9i«» f ^ « f »ia otHer pJLaii^ i^  pmt.im, 
f i%;riaog«a l« a Ug iaaX«8ul« azouad 400i000 ooXoouXnr «r«i|^ t 
ooasistlag &£ a f ilamaat aaft tiiraa gio^uiMi (lAki j£j^  ^ t X9d2| 
S<maya.#i ^ ^ t 1953) • fha and taiiaiiial gfiiups ara tyr^Xm azil 
gX«ta«ia a«i4 and f iliriaogaa ow^ a ita aoX i^lilXl^  diad to tha -prm^m^ 
of tha £MiatiTa ehmrfaat proridtd lr tha aeidie gro^ ipa* EsiaaraX 
af ^ a aanatlTa ohargaa r«(li2a«a »utuaX rtpuXalon and tserovam paS^ '* 
stilsatiaii* FalyatiilsatloA ia diia ta hydx«g«ii boadixig ^t«r««n 
hiatidyX aaaaptar and tyroalaa doaair gx t^ipa, whiah haaaaa uioBalead 
%y tha ipaaonraX af tha aagativa ^argaa* than throahim aota on 
f IhriBO^iit i t mwm«9 tiku papti4.aa tvam tha glahuXaa raauXtlag 
ia tha aaepaaura ^ AQtmr (tgrrosina) aal aaaaptar (hiatidy^) gra%a» 
Mataex^ aC f ihrih ia d%ia ta tha aid»»ta»aidat and aad^to-aad 
agg^acatioii. aC tha aantxaX aad taraiaaX gXahuXaa* la9«X«atria 
paiht oS f ihJriadgah ia h«t«aaa pi 4«5»5«0» It ia praaipitatad at 
sa^ aaaaaium auXphata aad ia praaaul in Qm& f fctatioh I* Oa 
aXaotvapharaaia, it iBavaa h«tw«ah.|S|a aad fyai^ gXoh^ina* 
%it # , . te t f t te ^ ?ytf^Wyl>^« Bahama (aa45) ahM r^ad 
that tha waiOdhpi f xea f iraahX^ r f araad aXat had tha pi*apa¥t:r ^ 
aXattiag harda?aaaXa 9T aaaitia tX^sM» f raah3^ iovmaA aarua had tha 
9aat pvop^r^t »aihB.rm& sugg*8t9i mat %h^ mttr^ »ul»staiis« pvtstai 
la tti« waaiiiEi^ of f ?««)L bldod oldH ia««ara(it9d with tli* soXubU 
l»f«9i£r»or df f itoriii to pi^uo* tim dWloos 99a«ttX«BB or olot* $(^ «I4% 
(ISdl, IdiSf X998) Qoaflratd ihm a^«r« flaiiiiifi and u««d «i« t tm 
**fItoia f«fa»ai** or **tii»»aa»iii« to th« aotlTo fViaalpXo ifoopoiMiitolo 
f^ tiii* ooafulasft prnmr^ fho torn thros^ia oiaoo tlioii ^ooaao 
popular mtiJ. ourront tiaoo* mo oteoxratioiio of ioli«ldt, Sas^Mmm 
sM Doaia oould ^ oxpmoood aot fthTiaogm fl^ roaibiii florin* SoiuilAt 
proparoA ^xoaliJUi 1»y alo^ol pfooipitation from frooli oomam but tho 
oaoo tooliiil(|uo was of m ouoeooo wltli plaoaia* Ho ooaoX l^od tlioi^fofo 
that ooao iaaotiTo proouraor i» pvoooai M olfoulatiiig lilood mhiaik 
duriag tlio prooooo of ooagolatioa givoo rJ«o to t^ roi^ JLii. PoMoUiiaxi* 
lag (XS92) oaXlo^ tiiie p£«our«o7 &• "pfot^ f^ i^ jla** f^ l<oli wao lator 
aanoA a« faotor XX« iowoXl (XfSX) pootttlatoA lilo ooa^opt of pro* 
tliroiAiiu **ln al l pTolN^Mllty tliroa^ia Is a pxotoia omlMitaiido* &o 
orMoneo at hnkxA indlitatoo tHat '^voabia m &vmh €ooo aot oxiot iM 
tho olxouaatiag teloMt "^^ i» proooal pro%a^ 1^  la aa aaloooAont or 
iaaotifo form kmemn a« prothroa^&a or titroflriNiioa* Sottfoo of pr»« 
idiroa1»ia 3a I1I00& lo ua&otoradao4» It Mir tM faraliilioA %r ^&« 
narrow or aooorAlag to ooao aiitlioro la %looA platoXoto"* 
mo ooatoi^ ^orary thoor^ of 1ildod«ooftiii^«ll«i ooaM %• 
roproooatod ao foUUwot 
Farethroaliia y mroadiia 
f lixlBOgoa 'i > fmtiM 
Xa Xator yoarst oororaX orMoaeoo wort pot foivaiA to pr«To tliat 
protHroaHla i» a roaX oatlty la tMo oXottlai tifcioniwit Bor&ot and 
air* 4«H3r*4» Zt hm a a»i«9ulfiur ««il^t a«@w& €9»00@* ff<$tiifoiitei% 
aadox4iiig tQ 3«*f8r9t i« a e*s|?«l tu^-laixy* df ^3^0i «l9ttiag ai9& 
iiiiA«if««l»« i**»ftxlca^ :it tzamforaafiQiiJi ^ if»«lf ^ to foam thrombin 
(X96S}, 
Otka^ a (XdSfi) a»& 3*9gan} (2J40)f ^ lag puriflod p^ pothvoa^ iJii 
li^r* vliowa « spoitt&xiioua autooato^grt j« ^ ^^ aoXdOUI* la stx^iif 
•ftXt sol^ioao •ta^ aa aodiua oitrata, AeoozSlng to tbair Titwat 
fx*otlii^ !i^ i]i ia 25^ aeSiaai oltrata aoXutloa uBiAajrgoaa icslaoulai' 
aiaaooiatloa of autoisilta aa94 aa aatooataJ^tio aotlTatioa ooom* in 
whiah tkroa((ilA aad autopx^tkrooblA 0 ara tlia wui produots of thm 
prm9*»9 
l iM -ft^  ,aifl^,ia^l4i» B\m»mm (IMS) doaaaatratad ma 
thxaa^ia aotiTity iM. im»hl^ f ojmad tileod alaty wniali lia att:ri%ata& 
to tlia j^ saaaaaa of wiiita oorptuKilaa* Hla rtm «aa aot aaaaptod 
Xataif teit M« oteaasvatloa t&at tlia oeaptlaiife aatlvlty doTiTod fxaii 
tliia tiaauaa waa ooaf lz»«d« It waa o^ax^od that whaa tHa blood waa 
ooXloOtad ^ Taai^ aastaaf* and doliToTid in paxt to a taba eoata|j»» 
lag aaaa aaaazatad tlaauo aad pmrt of i t ia a alaaa tmlw» tlia blood 
ia tha tulMi oontaiaiag tlia tiaavia oztzaot aaafulatod f aatar and 
ia faw aaaonday aa aoi^afad to tlia oaa in alaan tuba^ wiiioh tooM 
oavoral atoataa to a lot, flia p3?opo7ly of tlia aoagulaiit aatioa la 
tlaaua waa tlboai^ diff ofoat f i^ m that of thx^oabia, liaoauoa t&a 
tioauo br itaolf oomM sot aXot tl:Lo aoltxtioa of f ibrlaogaa* It 
«aa abXa to aaaaXarata tba ooisraiimloa oi pKitia^ ^mbia to tliiR»abia« 
fh9 poaltiau aa daaaribad hsm "999^ aoof ixmd onraa to t&ia data* 
Id 
Wsmmtt* (1904) a|pp««d mttk th« !ijpotb«»«a gXrw& ^ tarV 
^Qoesdlag $0 ilia aitniaaiRl«atia% 979tl;iroa1ll& waa aosrartad to i^vam i^a 
OBi&av tlia inCiaama af aalAlaa iaiia aad tiaatia axtsaetai w&iali lia 
aaBMiA aa m^a^aklaaaai aa ia imemu IA &9mmM Xitamti^ra, and mpam a^-
plaatla ixk BngliMk &aA Am9iiei»m& Xitaz*atwa Csalthi X0M)« mxawliiii* 
tkvm tarmaA Intairaafadl with filHriiiagan ta foam fiiiria« Ha auggtatadl 
t&at ttpOA ia|uy3r tiii?aiEri»oplaatlo aotiTity wma darlTad mX^ tvom 
daaacad tiaaaa or fifom tha 4iaiixlagz«Ltion of pXatalata, axA not 
othafviaa* 
lifasAiag tlia aatloa of tk?oslM9i«Atim for th9 ooisraTalom 
^ Iba aal^ar au^atama pz^ tbimm S^n to tiiroa^ia, tliaiv wara lot 
of poatulatioaat k%mmaA9T Sohaidt poatuXatad that i t wsa due to 
Byaoplaatio au%ata]iia« lipoid iii matura« WowwHt* thou^tf i t waa 
a leiaaaa and haaaa aaUad it aa throm l^Oiiaaa* Boz^ dat (1904) 
t&Ott#it» i t ia a disaat unioa of tha phoaphatidaa of lilood platalata 
and of tiaaiaa Juiaaa with prothrombia* Uatil raoa s^ia^ tha aa&iataaaa 
of platalata waa dom&tful 1a^  aoaia worlc«Fa« Hawaii (l@lg) thought 
thxoalioplaatia aa of oaphalln iM ^asaatair aiad poet^li^ad that 
pa^throahla waa uaitad with aa aiatipTothPoiihla and that ^uromhoplaotii 
roiBorad thia iahihitoifi ii^ ai?«upoii piro'^ Tom i^a raaotaA wl^ aaloins 
ioaa to f oBs thafom S^a* 
On tha haaio ^ olaaaiaal -^90^^^ Quiek in 1035 intiredixoad 
a wall'-ieaowfii and fundcuaantal taat» l»iown aa Quio]£*a ona-^ta§a 
**Fvothro»biii'* faat. fha p^iaolpla ia haaad v^&m tha addition to 
plaaaa of aa aacoaaa 91 thToahoplaatin and oaloi^a, iaieringi pr^m 
u 
throfldilzii as tn* Unitliig imtew^ whioh eonld %« MiMm»id» fim 
• f i l l 18 99na»ia|' us^d at « aotltdd fox* %hi$ oootiKiX of ftscn^ooftftilafli 
^ • i « 9 ^ (Quiokt I ^ g ) , 
iitli tli« doTolopMioat of oii»««1tagt pfo^x^aMa tljio» i t was 
aiioim iBiy a^ iiok ia I9$3 that with tlio iaoroaaiog aaoiato of t^Toiito-
piaotiat ^^ protluroaliin tlaa staisiaiod to a oortain mknim&Mf fmrthor 
whish i t QOttld aot to d9Q7oaaed« iiator oa ia lJ39t ^^^ '^ v^ doirtXop* 
aioat of tho ^o««ta§t aothod for protluro«l»iii tiiaoy i t wao d«i^ iMtx«k* 
tod t&at tho aa»i»at of turombin f orntd woo proportioaaX to tha 
atiouat of tHromlH J^Laotiii adldod* 
By tlio aotiiod of ^voabio^pirodiiotioiif a^ood on ^llaid^'t 
oteorratioiia (IMO) p i t waa ahonti that tlio spood of thfoisdiia fox«a«-
tion io a f latotiea of platolotSt whieh eouM to intox^ratod as aa 
aaaiyM&tii aotioa* 
Atta^ta iiara toon aada to pweiXy tiix*o»topXaatiii with poor 
yioM in aotiTitjr (Aatrup 4 Darl^gt 1M2)« Quiok (1942) aotalilii^ad 
tiiat atroni^at praparation «aa of aoatoBa««d i^^ dxaitad xuHUlt liiraia* 
ShxoatopiaatiA ooaaiata of a lipoid ooa^mut attaohid to a Xargar 
aoXaouiOf proHabJ^ r a protaln* mxoatopiaatiii ia aotm$A%r&b29 -taiav»»at«^  
al»Xa aad aatiTity oouM to iaoraaaad on haatiJig (&aj i^iidt 194S}* 
fhrdatopiaatia ia an intraoallmlar outotaaoa wMoh ooomva ia a gr^t 
•ariaty of tiaauaa* for axiuai^ la «»aoX«a Itmga, bxmizit plaoaata ajal 
^lood piataiata. I^at tha tiXoot f Xowiog ia tha -raaaaXs doaa aot 
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9ta1»iXity i^iolk AI«apf9Ars ea dosctaolt wiHi aa r^ fof^lga «ixxfa««, 
m z o m ^ l a s t i n form oiilsr & pa^Pt i a th« iMi^asilsm of tHa tmm£ovwa^ 
t l o a of pxo-^if^ail^la t o tiupombin* Frooosilf^ &tti«^loa la baing pai4 
ttora to tHa blood* a o»a ^roa^OfSjuitlo i^aliom or la^idjialo throabo* 
plaatlBt I t la aootptad tliat Hlood oollaatod without tiaaiia« 
o«&taaiaatiom oeagtilatad txataar tlia laf luwEioa of th la latifliMilo 
thzoftboiplaatiiit wltiiout ^ a latarrai i l loa of ^ t r l a a l o t h r o i ^ p l a a t i a 
or tiaana «ictraot« 
hn a l t ama ta aaoliaaiaiB liaa baaa a^gaatod by Saofara and 
Ilia uiaoelata (19$3) oa tiia baala of thalir obaaipvatloaa that l a Et^ 
ao&lus eltxmta puza prothirombla la ooarartad to thrombla (aoX««al#t 
33t700) ami autepi^tliTOfflbla 0. % aMiag ta^oabia or atttopfotaroiaila 
a a t aairo t ioot tha aotlTatloa waa muoa f asta^t S9 both aaaynaa mm 
poiiaxCuI oataa^rata fo r prothrombla aotlratioa« AutooataSysla la 
tha baala of prothroabla aotlfatioa* Othsr aubatamaai aupportlag 
tha autoeata^srtle xola of throabla aal autoprothrombin Q ara oaUad 
proooagiOaalat whlah ^V9 praaatit l a pXas»a» platalota aa& tlaau^i* 
A aaal l la lar^t aeoording to hla Tla«ra, b r i a ^ tha tiaaua f astora 
la to pXasr aad tha ooataot of tha plataXata with aa opaa wotsal briai^i 
mboul tha Xlbaratloa of tha proooapdaiata, ioata aafclooagixXaala ara 
alao l lbaratad «hloh @oaatax%alaaoa tha «f f aot . Tha ^ost la^r^an^ 
proooagulaata ara fomail la pXmmn^ bloi^ platalata mA l a tiaaua 
tfstraota. Oaloiua loaa aXao aot aa proooagulaata. 
fim davaXepi&^it of tha oaa«ataga aad two«-ataga prothroabla 
t aa t halpad to olarlf^rf to aoaa axta^sit tha rolaa of hl tharto knemn 
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ooagu3Jitioii faotofs in X^ood o lotting* It liolpod also to ouspoot 
tlnat a piroloagati03& of tho oXottii^ ti»o )i^  tklo toat «a» not oa^ 
duo to ^0 dof iolonoy of protlirom i^ia but oould ^ oamood ^ tlio 
dof iAioa^ of otiior ooopoaaatSf w}ii<^ «ox« lator ]iaa»d a« f aotofa T» 
TXX md X« S&«so tiiroo faotora aro aloo irot^ t^ix^ for tlio eoa-roroiott 
of proturoaibJA to turoabia under tho li^Xuoaoo of t^ iromHoplaatiii mA 
90Mkym ioaa* 
• it ly fff f tMlft lH?^ « Artaiuo J i a l (Jaso) a«d Haaaarotoa 
(aadd) oboor^ M. tho laportaiit roXa pX^od tgr oaloium loas in pre«# 
throaliin to ^rombiii-^oizroxaloti* ^ o use of oaloiisa prooipitaalo 
was populiir ond thla off aot oould bo rwroraod ti^  tlio addition of 
•sEOoaa oaloiua« fkt partioipation of OftloluBi ions la aliowa to plj^ 
a oignifioatit rolo at tlio otago i^oro m« triiaaforaatioii of pm» 
tliroablJi to thrombin takoa pXaoot a« tko proaoaoo of oaloi^oi ioa» 
and tloaua oactraot aoooleratoa t!i» oonroraion of protliimabia to 
tbX9abin« lfO>» in tHe firat pHaao of oXotting* but ia umweoaaaxy 
for fibilnogon to fibrin foroation or tho aoooad pliaaa of bloo4 
elottiagtt 
aaXoiuja to bo offootira mm% bo in ita ioniaod f onn aad 
tua pE optiieiafor ttio roaotion ia t«g (iioottia 4 ilooiorat 1944)« 
Aooordiag to Moxdbo (1936)^ tlio aaoimt of 9&iMXvm in t£ie piaaaa 
nsoaaaar^ r for initiating oXotting ia 0«XS to 0*23 AiXXiwoX par 
wator i*a»* about 0»d m^^ tSia optiaaX oonoonlration of oaXoioa 
oliXorido for tha v<^ Xa igratom of firat and saooad ^aao aiwCLta-* 
noouolgr ia 0«0d por oauft (HoXXanfegrt X909}« OaXoiusi eouXI bo ro-» 
pXaood hy stronliUBi| i^ M^MSiua mA barium, but strontium ia XOM 
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m%tr9 ^am aaXaliis ®M at iXl laaa thaa aa^aalaa BM liariua 
(Mallaiilft Xt^Oi liaaaia BSA Bw^trsi 1944)* Maria auft Saagaam 
1alat^|ll ^ a t profhiraii^ia gata iiMttlTatad % tlia tlymaiiii f oratd* 
lATi^ oaiiaaiilFatlaa af aaXaiiaa iaaa abaw iiiHiMtary aatlan on X^aaA-* 
aXatti i^ as walX aa af tiia laaXmtad f i za t skaM (dXajriafti 1949}« fwa 
far aaflft of aaXoi^a a&Xarida li^^i^lta aaagtiXatlon aan^latal^* E10. 
aaXt aoataaistipaliidn Xilea aodioiB abXariAa lifei^it tha raaatioa* Th* 
9fp%%3mX aaAitts aliXarMa ooasaolratiaa la about 0*4 ta 0»d par aaat* 
li,lff , ^ ilftflffny (?f f fqf f tefc)» faator ? waa diaaorarad I r 
owran ia X047 &a a aaaaaqiiuiaaa i^ l&a o^aarraflaa t l i i t a faaala 
patiaa$ Had a proXamgad oaaHitaflt prot&roaJM>ii taat. f raaii aaxsiaX 
pXaaoSf imm mhixm f rat&raiabia was raaerad by adaoiptiaoi raatarad 
tlia prd'feliraslilia tism %Q aarmaX* fiiia aaw fastor waa aaXXad f aatar T 
or aoaaXaiar«*gXobuXla praaajsl l a pXaa^ k^* 
far tka astlTaliaa af pratlumii^ia to thromliiat pXaaaa 
Ao««Xab%iXia la theiiilsl to ba iaroXrad* 1% ia a 2 i l ^ aoXaauXar 
wai^t protaia « i ^ a aaaaaatratlaa at Xaaa tMaa Xinf par oaal ia 
pXaana* I t diaappaara rapXdSy from pXaaaa aa atorafOi h^mm feaaaa 
aa XabiXa f aatar Coaiaki X043), faatar f is iiot affaatad br 
eaaKarla dam a^ wiiaa a»asurad bgr ^i.a-^taga prat^rombia tiaa 
(BougXaat X933t X9$8)* I t ia aoasnaad durlag aXottiag« faotor VX 
ia a taxm wiiiaat aoaar&iag to Owraa (X949| Xid3)t ia aatiratad 
f atttar f« Tha pr»aaat raporl aXao aiq;»p9r6a ma Tiaw th&% f astor T 
alTtar aotiratioa witli tliroabia iM ooarartad to a ao^paratiTaljr 
aavaXXar flioXaaiiXa taaa i ta praomrsar* faotor fX aay ba aaias as 
aaai^r*a aaru»»Ao*gXobiiXia (Xd6g)« Whiak i» aatuaXlj tlia astir a 
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f era of ^ro^oai^ulaixl &9l|>ia£ m tiia edortamioi^ of psom^di^la to 
m»iiiAla« f aotor TI i s SHOli ai»x« 3,»l»ilo man I to pipoovsnor f l.ai»i 
f ofitoar V« I t ia aot adoox%«4 i^r lbari«« »iil.$&a;l«i eM. Hoiiao eouM 
^ AiotlngainhoA £mm o ^ « r oonia f aotex«« 
^lo of f aqstog f l i t In X03Xt ioiosloM «aiio stMloo o% ^ o 
aottix«o of **iiroot olovov diaoaoo** &ia& h* i&mt& ttamt tbo %Tsn9£vmi@n. 
of soxi»i «mo of oocuiMorot^lo tliovafoiitio TaXtto« In I9m^ I t w ^ 
olisox<ro4 tli&t iik9 additloa of 1 ^ of mvaaX oortm to '^  4iooiEaafoi 
pXmmB,^ ooiiood a oi^rtoisiiig of ^ o ono-^tafo prothroj^tiiB t i w 
(Owoii o ^ lolXsaai 3.943)* I t woo oonoXtiAodi thoroforo %hm% aoao 
f aator oroa i^rosont i& «trust wo^ id^  down la dioo^wneol t^osof^r ai^ 
i t woo dUff oiiitfil f ros pz^tlix^sliiii aitd f aotor *?« ^ » f aotos^ wui 
oto'blo oa s toira^t Itomo va& oal l td as sta^X® f ^ t o r 02> oofaotof*^ 
and latoi? oa a« pzoooiarortiii (Owi*»a and SJoricoIuxids 1§40) glviiig 
]fiao to 1i^ aotiTo oonfoztla* 39io xvoo^iltioa of a ooagi^aitloa 
dof oot wltH lioaosxiiaio aaaoolatod ^ith mim f aotor «iO la to r d08<» 
oril»ad (Aa^xaadort ioldotoia* liandw^iri OooJc astfi Wllaoat JL93X) and 
the faotor was t e z n ^ as "soxum fjrothroalilJi oonrexviou aooolofator 
(apOA)*» and, i t a laypotMatioai proouifoor a« sxSs^k* ^^afiag t^o 
saise p^riodt loIXar, Ii0o3.iger» and Biaelcoft (X951) doaori^od a ii««r 
oXottlng f iOtor 72X^ a»d ohajmoto^sod i t s fxoparliao. faetor 711 
ooaXd ^« adsor^od %Qr iBorganio proelpitatoo* I t was not ooas^aod 
ditriag oXottiagt azid IIOBOO WSS prosaat la aoruia* In t&aso s»sp«ots» 
f aotor TIX dtfforod f loa faotor f (Qulolc aiid atofaaiati X949 aisd 
BoisgXssi X@SS)* 
?aotor TXX i s f v«pax9d f IPO« sogoa t r adaorptloa oa aXi»iiiia 
or 1»ariun siiXpliato aad aXutioa, aad oaa titma l»o oUtaimod f roo tmm 
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pnithvom^la ai^ tmt9W ?• It i s pi«««at in pIiMima too^ ^ut iadlatlea 
tv^m ^lemwrn is eoapiie&'ts^ duo t t t&« pT99mmm Q£ pf«»tlifom1»lA« 
A fx<»paymti9a 9i pzoti&roitliiA ooaiplstsJir f79« from imt&m 
V ai^ tXX sail ¥• pro|^ at*d ||r ia i t i fiXtratiaa (XoUtiPt li9«Xig«r aad 
duaii«ni jy^ iJL), £i3.i« fr«pa2>atloa oouiA aot Iw ei/stiTat«4 at dptioaai 
ap«ad aai«a9 aupplsasatad }^ f totoiw 7 aad VII« If tJ^ « ppopartioi 
of 9X«t&vea!iia ar« Q9iBpa7«ft witii f »sto7 Tilt ^^W ars siaiXar ia 
idoa TMfadts a» ^t:^ a3?o Titaiaia K-dftpoadwit tor syat&aaia aiad a3*t 
dioiaiiAisd ia oosQiEBtratloa to a adaaidsrabls sxtsnt W tho adiiaiiii«t«* 
ratiaa of seieiaria dmipi* Both %T9 BA9QT%«& ^ %fixivm eulphatt 
a^ft otlisp iaorgaaio prtaipitaaia* fhsjr ax<t ^"^ ayat^lisslsed ia 
itrsr (fool J l ^ t Xi60)# msy ars iiXt^mm^ twom. tmai^ otli^r ia 
stTszal r«raif9et«t l ij^i pzttthi^ m i^a i s mit foaaft ia 8«iu% as i t i s 
9easa««d with olatf tnit faster TXX is ast scmsaasd aM thsmfors is 
frsssal; ia ssrun* fastor 7IX t&ww» aa iatsfvaX part of sxtriasio 
tarai^pXastia sfstsm <tissue) bu6 protlui^iiiia is a pirsouxser of 
tiUfoKbia* Bsf ioisz}^ of f aoto^ r YIX is datsota)»X« ys^ oasHitags 
protavoaliia tost aad oould bs ooxrootsd wita aoriaal ssma* XsoXatsd 
dsf loisasy of pTotax^abia oaaaot l»« dstsotsd t^ oa«*stai« pxotaio^ia 
tost (JDouiiasf 1903)* 
Bols «C f aa^ Qg fXXXi f aotor YXXI or aati&swpaiiie f aotor 
i s found ia assooimtioa witli tlis sugXoliuXia &rA f i^riaogsa of plasma 
&wA i s ratlisr iabils* Biaas i t is assooiatsi wit^ tlis glol>ulia or 
f iteriaogsa f rsotiwais of tas pli^aa protsiast i t i s dssigaatsd as 
aafeibonopliilie gXol»«Xia aad t!is familial disoxdsr of this faotor 
oausi^ a wsXX loiowa l»lsodiag diatbosiSf oalXad liomopliilia or 
oiasBiial«iisaoil^iXia (Basso t XiiO)t "^^a i^ soas authors l>oXisirs 
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(J^asdttf 1933} fdoantiiwt X9i4) t l i^ 90m &ts%l1^vomWflmtiM i s 
T9*p9ml%%M i0r tm 4«ft«l! iA alettiai* 3iii9« tiaauft tlir&mbdpajMtia 
im lattM^iliaM %m %«•& f ^ txait ii®«uil» i t i s aiuggttstad meM oti3^ 
pX§0WA thmmh^plemtlSk Ufv%9m i s ^ f Mtv^i anl if ti^ iia oootirs at 
diff«3rt!ife »t»«t«t *rai!ieus tfpoa 9f )i«iaopliiJ.i& ai#it !>• prodito«4 
(fffirl^ rslQri 1955)« la haoopliilia i t nam A«si&]i9trat«d tliat a l l o1^«» 
fa9t9» lili* f ilrindgtoi prdtlii!*oii)iiA, imtmea 7« Yll and daXsim 
&m n»mmX (EowtXlt ^39f l«»]i#i? jj^ ^ t Xiii) aad as s u ^ ©zO^f m« 
ttstft lNM«4 om tin i«ia«iratioii <if imtrimais tlLsom^pl^tla a>x« f ousA 
alm93?mkl>« 
It i s mot i9imi^ in asruo* Xt 1A nst aAsorbaA 1^  l>ariam 
8mlfliat«| &lwaiia&| #r Ssits filtti*^ \f&% i t is adgorbai 0mfiill9X^*s 
«af^. It is prsssiii ixi Oohti f smotioa X of pli^aa. It san W 
sspamts^ fxom filiziaogsii ^ iKsatiag tlis solvitioia to H^Q for f«» 
aiasitss witli0ut d t s t i w i ^ t)^ aiitilic!s<i]^ilid pr^p^rt? (Minott 194§)« 
MIrf ft^ t ^ t t r ff« Biaowtry itf faster K or O^ristass 
Diassss fta^iist ^ s &a»»?hiiias8 jramsiiiisd iinlsstsd s^Qmuas uixtii 
1992 Iissisi^iXia A w^ not a wsU 4sf ittsd s@ii&itioa« Im 2J47 wsA 
195St tli«3pa ws» xwpsrts a^ut patiants suffsiring f i?@m lisatophilia 
sliaisalli^ wKo hM tbsir indiri&ual prslsagst slotting tiass^ Imt 
tlisir Elliot «rliS2i tsstsd for ooagulatioa 4sfssts was witualiy 
oojfrsots4 (P^Xsrsiort 194?} £oll®r, ^t ^1 liSOi Aggolor, jtj| s^t 
1938} iQMulas% 3XMi* l9&Zi Poolt 1933 aM l i g ^ , M M * 1^ 32)« 
fhsss aiitlisars dssoriliad sefrsa pati@ii$s auffsfiiig f s>os the aaims 
disoTds^p sliaisall^ indistinguisliabls froa hsnspliilia t>ut smjoi^ lt? 
of thsas pstisala sofirsstsdl sash otiisfs* a%iionialit|r in blood, 
hma9 ths soiiditi9& was imasd as t&s '^OUristaas dissass"! f son tits 
1% 
mm of tMt iimt patldnt stu&iod and ma missing a^i^saaa:! mm 
mansd as "Oliristfflfts taotsir" {Biggs j r | j | t l i s t ) . Jhis fisstor wss 
a l s s nsant as ffO nr Flasaa tiur^tsboplastin sompoatn:! (Aggslsir j £ i|,t 
2JS2) 9V :PXa»ffla m*&i^pi«s%iii f a s t e r 1 (Agg»lsr jg^ ^ i lfSgb)« 
f alisi i ts with d«f loisiiif of faotor XI hs^ a1>.]^niia p^throabia 
ooast2ii^1iion miSi aXso SsfsotiTS HirombopXastiiig gaitsratloii* 3oaw of 
tbsss pa$isH&8 b.@fl tm%9T T i l l or ^ ^ alssiiig in t h s i r blooa too* 
fhroialK^plasliin gsnsxution l a 3\ioh Oasss wsxv monaal or marl^ so 
wiisa t h s i r adsorbsd pXassa was iaoubatsd wtth platsXsts and norsaX 
ssTua. Qn tus otbor hs^tA^ U %h% amrom from t&eos patisixts was 
iaoubatsd with noamaX adsorbsd pXasaa aad pXatoXsts, thsrs was ae 
thi^mbopXastia f oraatioa* I t was oooslu&sdy thspsf orS| that 
OhristAas faotor i s prssorife i» ssrum mA that i t i s adsorbad ^ 
aluaiaia or bari^im s u l c a t a * In. f astor Xli 4^isien3^» thsrs i s 
ddTostiTS u t i l i s a t i on of i i § ami f aotor Y ^ougXast XtMa^l^-fhs 
dsf io i sas j of f aotor I I i s Xsss oomiaoa than hsiaoi^ilia 4 aai i t was 
aaasd as hoa^i^iilia i | sinos i t pazulXoXs olasaioal hs»ophiXia in 
soias rsspsots* faotor IX i s supprssssd in blood by ootusaHa msrsp^r 
as roporfetd %^  Bo\igX«i and Mair (X9$3>« 
This fas t or i s labiXs to host btxt rsXatirsly s tabls on 
storags. I t i s prssottt In Ooha f raotioa I I I aaA Vf^ I t i s p r s -
oipi tatsd ^ 45«^d# ^i^ioi^uffl sulphats &.x& i s rsaorsS by 3«its f i l t s r* 
aeXs of fac tor .1» Howgio, Barrow and Srahaa in X057 rsportod 
aboul a n^Xs pat isnt t n a a ^ " i tuar t" with a gsastiealXr deteroinoi 
hsaon?hagio disoaas* fhis diasast was oharaotariasd bf ons-stags 
tos t and was oorrsstod ti^ pXaaaas dsfioiant in f aotor T 0.1A f aotor TIX* 
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^ u ^ d r s ttraii& ' ^ I s nm t s e t o r as **3tu<irti-<$ rower f aotor** or tmt@r % 
btoattst aaother patisnib, lutAtd **f rewsr** was also ds»onb«4 In X9M 
hf Sslf«?» B«as<m &wA 9xl^t wltH Idsa t l sa l s^pt&as* f astor X. i s 
aa lM|^sr««at me^kty i& %h% l u t r l a s lo or hl&^ turoalsopXastia, systsa* 
I t I s mt s^suasd tmrliig olot t ing auft tksz^fdrs Is prsaesk l a s«fum« 
I t Is adsorbed )Qr barium sulpliats, alussliiluai iiydrtsxids, tnoOdlma 
phospliiis mA 3s l ts f i l t e r . I t i s depenAettt on Vltmsiiii I for i t s 
a^athssls sad I s supprsssed Ta$^ ootMsria Amm* Siaos l^th f aotors 
T i l and t. are pmn^nt in sdrtn^ I t i s d l f f ioul t t o separate tbem 
f:i^a 9mh ot&er* fas tor X hma a strilElJ&g ressaliXaiioe wit!i f a s t e r 
VIX l a sev'e^fal rsspests* I t i s present both l a plasma and serna* 
I t i s retuirsd for fmil soagulant as t lYl t? of t i ssue throabopXastla 
along with f a s t e r VII in tiie extr lns is systea of o lotting* I t i s 
s table a t rooa teaperature for few days bmt i s dastr^jored at S@ 0 la 
f«s aiiaites (Wrii^tt l o l l e r and StrasUt 1060)• f aotor X on P&99T 
eleotre^ereslSf UBM beea desoribed to asrs witii the albiiaia f rs0* 
t i on of plasaa ( i r l # i t j | ; | ^ ( loo* olt*) 
,Qf f ^-^Qg .III Boseiatiial BM tHelr grov^ l a 1933 desorlbsd 
another §^v^ of patleafeSf simllar« l a SOM respeets to heaopiillla* 
fhis fas t or was aaaed as ffA or ' 'flasaa throabopl^tim A:rtfe seed eat ^ # 
t h i s i s a s table fastori preseed; l a plssss^ aM l a ssrtiis* I t i s 
aaxlaall^ prselpltated at S5*39^ emaoaiam sul i^ate satixratioa of 
noraal plasaa (Boseatihalt 1993) • I t i s present in Oc^a fraotioas 
I I I and 17 (loaenthalt loo, o l t . ) I t i s looalised between bf^ e^  
and gaaa^ globulin fraotion on eleetreishoresis (Bosenlhali 19§3f 
Bashaaim j | s^t IMZi l«ewis j j^ j | | t 1997) * lioss of i t s ao t i r i ty 
was obsewed a f t e r heating plasaa a t S$^Q for 30 aiaixles (Blg#i 
!0 
Sjl ^ i X9$7| fallort 1959} • fii# f adtor, 0^«rair«r» i s mv sssls««ii 
t9 k««t in ssmn -Dimn ia i^ lasffla C io\ili«pi 19$0)« Xt i s adsor^ t& 
on %ari«« sti3^d(ts saA SO«-SO^  »s%s0tHfts fil-lsxs (io««»l&slt 1993| 
Esaioti 196@)i sad is silso Msor^si lisr s s l i t s fmrn mvm&l aM 
iftl^aaa %mkt plasm (iotiliart ^ « $^)^ fadtor XX astiTttIss imt&v 
IX (3i£«s i | | ^ 1 19Si) wtiaxsas i ts iaaotiirs pitKimrsei^  ia^srasts 
M XyUSt *^^ sotivalEsS Hagssaa tsAtajp ltd f oim €ui a9tiTatioxi«pa?9dii0t 
fruisn leasts wit& plas^lats to tQim iatsfiasis ^romkiplastljo* It 
i s also &m ^ tlis soataot f aotors (lossoli 19i4) aai tJiioaboplsstia 
g#a«rs«iom i s 4«footids )>ot& in ths 8slito««la9r)»sd plMiia and S9i*wi 
(Xossslt lii4)» Oa» ouil9i» pvopsfty of tMis fantor is that PfV-
aotivity i»oi«asss on stovago at 4 ^ or •>30®0 aaft oorrsots Ff A« 
dsfioisal f Issaa* 
M^la of i^ aofof IJ^ J^ i Sata&ff and Oolopy (19SS) Sosori^od tJis 
i^ iidTons of a patloiit aaiaod Hagoman who was iaoiiloslal]^ disoorox^, 
durinf a iroutias pro«^oir&tiTO iiST«stijp.tio% to iiacro a pxoloiiis& 
wliolo blood olottiag titto ^m% ao otiior hosostatio dtf oot« Oiis-*sta#i 
tost was aoraal but tlioro was a dafoot ia tlio iatriaaio tli£oabo«» 
pl^tiafos«atloa» m%T% was m roooipaiao4 disoirdov of liloed 9l&%» 
tiag Imt Was dofioitat ia a ooi|;>oaoiii ossoixtial for t^o iaitiatioa 
of lilood olottiag 1^  ooataot wita glass* lataaff jj^ ^ (1933) aa»od 
i t as "Ha^ ioaa'* f aotor. mio f aotor i s aot adsorliad l^ bariaa 
sttl^ato or aliMiaiim a^droxido. Xt is« aowovor* adaoi^ od ^ ooHto 
aloag with ffA at a ooaosalratioa of mme/^ All tho agoats i^ioh 
adsorb throttbia (£ai»t leaoliay asbostost s i l iaio aoid, auporooll) 
also aisorb this f i»»tor (5o»iolt 19#4)* lafoaaa f aotor i s aot 
dialysablo aal la oortM it i s rosistaist to lioat at dO®@ (lataoff aa$ 
ooiosr* ^3^1 ^^Bm sks^* i99?i 3otai«r jii, 1^ 1 i9$a)« 
1 
0a oloetrui^orosii, i t is loeaUatd brfewooa ^ t s aa4 s^^mm 
gl^WliMf mm%Jy toward* fooaa ilo^ulia (frisk si §^* 1MS)» %• 
fftotor fr»so»i ia Qo^ a flatva ivm%t&w» lit, I7->I, IT<«4 (trii^tt 
3.^2), Oa atoraiOy i t ia »ta%3.o ia osaSat«4i pXmmB, at A^Q for tw«3:r* 
vtoka* for aatiYatioa ant adtiorptioa to foroifa surfaooai a^  g>. 
flAM a1|% > i t daaa x»t rat^iix^ oaloiaau It i s aot iiiiiMtad ^ 
Icaparia or 41iaoprofgrl^liirai^daf&ata» Hagam»L f aator i s not ra%tiiraA 
for aoraal ^amoatasia* It i s oa3jr ra^uirai for aor»&2. oiottiag toata* 
Hat 4afioi^asjr of t&ia f aator ia aorraotai W mrm.1 pXaaaa a^aa ia 
tiia profortioa of oaa fart aorisal. pXmtm to tliraa taousaM parts 
patiaadsa flaaiaa* i^^iaiam/ eouM aiao l^ a oorraotad bjr aoraal aaru% 
lipid iT99 sarua (lataoff j ^ ^ i l$m)^ f anitor x daf iaiaat aaruaf 
pfA«4aifiaiaat aorum (ioaXiar j | al« 3 ^ . ^,p. azyl Biggo j£| ^ i J,st« 
| ^ « ) and alao with barium suli^ata aXaata of aarom (iataoff Jd i^ lti 
aota aa a aul^stxata for tha aotioa of aotiTatad Hai^iaa 
f aiator» to form aa aatiratloa produot hmim ^ ^Xot pr»aioting 
aotiTitr ifhtQh ia aaitliar tiiroal»io aor t&rom^pl^^tio* fhia f aotor 
waa latar ain^d aa f aotor XXI (fxl#itt X96f)* B^fieiaaoy of ooataot 
f aatoxa Xilea XX aad XIX eauaa a^ aomaX -risaoaa nataaor^iioaia of 
pXateXata* 
^n, ,f^  ^.^^M^m fy m^m §mnmu& fmi^^^* fi^naia 
tlia sod px^uot of tilt waoXa aa^ maaoat tHromliia ia said to aeoaataata 
taa f ixst aad tiia aixtl^ stop aod th& vmlm aaoaaaiaa ia tlius suto<* 
oataJi^tio a»d aapXoaiTo ia ttia f iaaX axpra^iioa* !Biara ia a diff a-
^mi9 ia t^o struoturo of fibrla foraad ia 1»Xood or pXaama from tka 
f il»ria f oraiA ia a pmrif iad a;rstam of ti&foa%la aod f i1iriaogaa« 
! > ^ 
VlsUlo oliaaraoters ar« 9iMiXax imt ones toraed in ^lasoa asn otusdigr 
tiism wiiat i s o^tainod wit^ purif isd roa^tisl©* f il irin f ro^uAad f smm 
punf i«d f ilirliidgea i s »9Xubl« i a diXiii« agidei/eakaXis azid iir«a 
(liMwy aM MsaXXt I9Mf Ma^^ept 1957) | Wt ttie ons in plaJiiaa is 
iQ0QXubl9 b9©au9« f i b r in po3ym#v» in pXftema ar© stalsiliatd eheai-
©ally 1^ -Hie *'fil»ria a tab i l ia iag factor f3f« i a tha prtsaaat ©f 
©al©ium i©ms« Th@ ©l©t fora«eL ia plasna ©axmot b© disparstd %Qr tk© 
ab078 nathods iik© aolulaiXity ia aoid or uc^a aolulioa t»9©au3« &i 
i t s tru3y polyoerio (©©ralentl^ ©rosaliakad) atraotur©* Orossliiiikoi 
f il^rin ia eaaential for r e s i s t i ag |m "^^^ ^» pr9asur© ©f lilaad 
prarajxtittgy tliarvlSQFf ©©©oada:^  ISiIeadiag, &a inaraas© ia tha atalii-
Xit^ r of the oroasXialesdl f ib r in against tlia protaoXyti© ©is«yaa« ia 
tkroui^ til© aat ioa of th© "f ibr ia atabiXiaiag f aa tor^Sf)" whiaia ia 
aotiratad by tlisombia or otiisr protaolyti© ©Jia^ ie^ a to aa aotivatad 
fSf (PaiF) (liorand aa4 ItaJcit X9i»@{ XiotfRy j | | ^ i X9d4), ?3? ia aaia]^ 
pr98©at i a pXaaoa aad ©al^ i a trasaa ia aarua* f i b r i a atabiXisiag 
f aotor aats ©a the f ibr ia aaaoiiera 1^ a proaeas of tz^napeptidatiaa 
(i}U©lE©7t X9@5). 
l^ t l tgQ^I^^^ ¥' ^^^m^Um ^m$nm* '^^ narrat ioa ©a tha 
diaooTariaa aad th© th©oridS oa bXoad ©aagizXatioa put f ©swaxd prior 
to X904 war© ©at©g9ria©d as Pra-^XaaaieaX ©ra« fhe ©XaseiaaX th©ox7 
by l^ravita i a X >^4^  aigd theoriaa uotiX 1943 war© iimX-adod uader 
©XaasioaX ©ra, aad tha phase after from 1943 to dat© ia poat* 
olassioaX ara, 
l a 19549 aa la^arnatioaaX Ooaaitt©© ©a bXo©d ©Xottisg f aatora 
was ©atabXiahed. fhe ©bJaatiT© ®f t h i s doaimitta© waa t© dareXop a 
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««s« wtimevwi. la. ^ a l l tavatwa V ml t l f l j t mmsem vmvCLtim ia 
aaitfwilJii oea»v0irai»ia«« 3^« aaniittaa taaaanaaltd tlia mmmlmtwm 
«r tlia • l ^ n i a g fa0t9X« In Eaaaa ssuMHrnia for tifta aaist oC ualfofnltr* 
tiaiaaa f attajra w^m Idaatifiaft am aaai^taft an th9 iHiaia af tj^alr 
pHyaiapat^Xa^laaXi ^ai&mX^ MaaHaaOiaai a ^ oiiaailaaX pxopartl^a* 
It «aa aX»0 agra«4l tliat iOia aut&ara eeiiM uaa tioialr ajmJ^mvm 
nQvmmlga,%wmm l a pax^ zifehasaa f aSlawiog ma Ciaaiaa nuasmla* f aoto» 
I tltiraui^ 1^ waya apprevadl l a 1037, f aatar 1 la 19301 fB&tQm XI 
aM XXZ ^ l i d l waA fadtar XIIX la 10i4« Biia tarsilnsXesTt so f &?# 
la iMlaf wldaly aaaap^td ^tt miUsaA, althau^i th9V9 aza s t i l l 
^laagraaaaata oa i^aaa^iia aoaagstwaxicaiHi* 
l%La falldviJag fabla 1 giraa tht l i s t ^ alottlisg f ««rlax« 
aloag w l ^ ttia saausia ajraoi^aa aa& tlys laajar 4^aata asaaalatai wltli 
ti&a raspaatlTa faotaifat 
laasaslaitira 
MaiMMMMBW««HMMMiPllilM> 
X 
XX 
III 
x? 
t 
%ad9|f»i BflClaiamy aya^voasa 
TI 
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WkM 9l9ttslat f retaM far ^a aonraaiaiisa ^ lasiiaritaiiAiai 
aaa ^ MlptMSlad la & UraalE-*^ aa la tha f i g , X* 
Wm f igam in&itiataa that ta ataga Z, tha «aa#i2atiaa faota»i 
portiaSpat* to f a m ma aetira produetf «2ii<i& a««iirataa atai^ XI for 
tli« f anwtina of aatita taroalioplaatiay w&ioh f iir^aar aatiTataa 
ataisa I l X f a r -^a aoararaloa of pro^^iroa^la to 'tturoalbiai throabia 
aatiTfttwi ttftflt I f and f laaU^r fi^riaofaa ia ooara^ad to f llftiriB* 
farea^ia f osnad ia partly adaor^ad liy f ifexla and aiao ataxts tlit 
aateaataj^la oyela agaia by ia i t ia t iag ataga I« 
I f * a i i tham olottiag f aators paftioipatai la taa olottiag 
aaoliaaliMi liad boaa pampoaad ^ay mV9taX aial&ojpa alaaa daoadaa aad 
is dapl^tsd la ?i$« a* Eao«at3^ a ooasa^ ^ropooad 1^ D? B,&« 
MaoParlaas (1944) at Oxford lias aoiYad 1SH» o^faaioa iwgax<dlag l^o 
ooapliaalkid aaohaaiiat aad l^o i^iola aaaaaaoa of iatan^tioBS* 
Ha aaasd i t as **aa amymt oasoadt^ i a tlis blood Oljottiag ai^aais% 
aad ooasidoipod i ts f«Biitiea «« ft bioiofioai aaiplifiasr* Haafarlaasa 
iias doaorilMd taa 09lix« aaoiiaaisa as tba oaMado of pvoaasyao-
aanyat traai^osnatioast n^azo i^ysiolegioai olottiag is iaitiatod 
\fy ooataet of blood wita **fox«iga'* auaefaooa, jufy$ daaagsd saefaeos 
of tiaauaa aad raMQ%imp aadotaoilaa* iataoff § Max^oMa and ot&ars 
(IddO) hma oatalOisaad taat ooalaot aativmtas f aotoar XXI« paid^ apa 
bj uafoMiag iAm aolooulot whiob ioads siioooaaiTol^ to taa aotiva* 
t iea of f a#tov I I mA IS.* I t ia ahmn tiiat i t f oilowa to tho 
aiuiyaatlo aotlaratioa of f aotoxs Y I I I ssid X« 4otiiratad f aetor T i l l 
is aa tastabis p3Podiaot iUm0mel&m gJL S^* I®d4}, fkia pxoduet is 
^on-»liTod but a poiroif a i activator cf f aatoF X« I t lias baaa siboifa 
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I l a » fflaroabla la » f ib r i a lb » S-feabiXiaad Fibr in 
(Adopted froa MaofarXamt 1964) 
t&at tlMi ooaguXaat %£tmt ^ 3iiaa«U*s •IfarTaaoai U dnt to I ta 
spaojyrid action oa faotoip £ to forsi a pw9im% whiflli, wifd faetor 
Tf i^osj^olitiA aafl taleiisit aotlTataa pvotkzt»i^ln {lanoisf J H j^ t 
X.9«8| Bo i^sagaX j ^ j | | t X9i4)y i i j t f aottratad f aotor 1 iiit«x««ta 
wit^ fa«t03r ? aaft plioai^oXipli&s to iptaavato tko f i n a l pmt^stmmhMi* 
atttivator* fboapboXipM la iraXaaaad f 3Poa im* plataXata %at tha 
atalijeyaiaa ia sot ututaratood (BaripafiXt X9i5 aa& lo^i l^i X9II6), 
Hapaport l | 1 ^ (X963)» Bargsa^X and SooMXanaa (1934} ooooidar ^lat 
tli£9al^lii ia ira i^aivad for tho aotiratioii of faotor T ^^ora i ta 
iataraotioiit «lt)& aotiYatad faotor 1 aaft pboi^eXlpii for tlia 0t»ira« 
tioii of IntriaaXo protiiromliiii aot^ator« SiiaaajUi SMM. i^-^^) liaXiora 
tiiat tlixoaibia aatlrataa f aotor 7* whio& tatax^At Xa ^v—m^ of 
|lio«iM^»Xlf|jft aj^ oaloiiia* iaoii aiutyaa aaaaa aotXTatXas; tiia aaxt 
tmtiX tl^a f iaaX autetrata f ItoXaogaa. la eoarartai to filirXa* ^atik 
atagt la vaXX rapraaantod and la fa i r ly vaXX aupportod % arlAaiisot 
w l ^ ^ a adaption of auppoaad aotivatloii of f aotor T^ uhioii la 
Isolulad for ooi|E» t^!«zi«««» 4aaplta tim Xaoie of daflalta laforaatlta* 
Xn atafta for tlia aetlTatloa of fatttora X to aotlTatod faitor 
ly at f aator T to aotlvatad f motor t aiid at f aotor XX to aotlratad 
faetor IXf ^ a arldaiiooa aliow liisfl protao^jrala la IsiroXTad In tiia 
proeaaa^ fb« roXa of aaXslm and i&oat^oXlpId la not voXX daf laad 
aXtHoui^ aoata raporto axlat that phoaplioXlpld aota aa a aurfaoo 
oataljrat, Haaoatatlo afflolaao? dapaada on tha auddon ooisraroloa 
of f l^nnogofi to f l]irl» and tula la ^rou^t a^oat ^f a» axpXoalfa 
gaaaratlom e^ thmsH^iMt fHa vliola p&onoaaiioii aota aa an^ pXlf lar 
lyooauaa %mh proaaij^Mi aotlratoa tiao aoxl %& Xiao to aa aotlvatod 
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imirwi iMob aota on anotlior p]?ooi»yae QowrtXng i t to aa aotlfo 
ostiywiy 1A£»* i^ 9mh 9mfwm aotlTatoa tati tlaaa ito own wolgtit of 
pfooaigriao diiriag ita tiao of oparatioiit than tha oroxmll gala la 
Xaaia to vaacinum atttlTl^^ (Maofarlaziat 19i4), Banrlt a;^  Hatmff 
(19d4} i^ sofoaa4 aXao tha aarlaa of aaran aotlTatloM a23& eall aa 
a **wataifa2JU«aa<iUt£ioa** of protiiromMa«*aatHratlo2i wiioTala aaali olot* 
tiag f aator la aoararta^ to an aaa^aa anA aaoii laawl^  f ox^ »d ani^ isa 
raaata w l ^ tlia aubatrata oaxt la Uaa* to ooarart It to an aatlYo 
aaaywi* 
3aa®«ni (I9S3) howarer tMaka that atxtooataljaia is tiia boat 
Mologioal ajai^ Xlf lar aM aapaoial^ ooaatltrntaa tha «uGi||»liaatloit 
aaadad fox* tha produotion of thjcom l^^ u Saag«r*8 rlowa about pro-
ttiroalilii aatlTatloa art daplotaft la fig* S ^lowt 
atitopreth^roa l^ii I 
atxtopirothToalila Ith 
amtoprot&j^ oabln XX 
U£«a traatad throa^lzi 
aaa-t^latad tluroabia 
tlixt^aiblzi 
autoprotluroB l^a ZXX 
pzotiiroaMa «• 1 
-oitrata tJiroabla 
fsypala tliroabla 
•ataraaa thrombin 
autoprot^roablm 0 
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^mthmmhla. !« a pmUin. Wxijah mtir&tan Itntlf aod %m mtvam of 
aetlTatloa d9p«i3&a on tut ooti&itloiift la »wlmim»m^ 9oii9l»tiiig of 
?TOmron^IaH»eliTati9ii ««9»l«xatM in as^ setlum olt:nit« If 
a l i t t l e thf«»abin dr aiitQp3^ t&n»®biii * Q 19 added, %i9 reaotldm 
g999 tmtar in me presenae of osdolua ions atad tiaene extx^ot, &e 
reaetloatf aoeovdlag t9 Saag/sm and ^ambel (1964t 1965) gain epeed 
whenerer plataXete &z« dlelntegrmtod upon eoalaet with 9\irfaee« 
fhreal>lm« ttiue foa»ed, ie lt9eXf an aetlTe amytm in. pTo%hT&m^i& 
aattratloa* iaall quantities of thxoiE l^& ffiln^t te pteeesft In feaexftl 
oirotOatien* 
•egtefegftt^t fraoiag 1»aeiK to tM evdlutioaaxsr dereXepii»^ of eo»» 
oepts eoaeafaiag tlie elotting of ^loed, t&e lM«ie eoii^oiieate isaro^ed 
ean be tx^ bSed aet 
(a) Fl^aa tmt^wa In laaaaala (ooafulatlda faetore 
I to XIII) 
(H) fiaaae fa#toi? (geaeimtiag t^ xtomlboplaeti!! and 
hepsfPia) 
(e) Sell affl^iaatida j^mMmaimn, ii!ro3?riat (platelete 9V t!i«oaS»0eytee} 
In speolM XiMa tiixds, septilee sad aa^ibla, ma naeleated 
turoalMiesrtee are Terjr promineat eoffipoaeats of tlie elottiag eyete«* 
fheir reogrral IQT e^itzlf ugiag Tiirtually a ^ l i ^ e s eoagulatloa of 
oell free plasaa* lixde afil eaaJete poeaeas poor plaeiMi ooagulnflloa 
ayetea wiiiiiii ie paiM^a ooapeja»ated W & aeel&anism of iraeoeoaatxle** 
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t ioa anH v&piA lX^9V%tton of tiasua thrombopXastin f olXturliig 
tfauiMki whmfs* iM maa, a ooiq^aifatlTaay fast ooagyOation pr^oaaa 
la aaaaatiaX t^v an iff ioiaat basioataaia* 
XA lili^aat aainaXa, am oaa pareiara at Xaaat tiiraa 
pafaXlaX a r^ataaa wMaii aoriBaXXy opax^ta tagatJ:ier, tiia pXaaoa igrataa 
wbioli x«apaad ta auxf aoa oliangaa, tha pXataXot ayatam whioh, ^ ^ 
tha pXuitta art^  ItaaXf t prodtjyoaa a plsmwB^^lj&t ^tA f iiiaXly tha 
tiaaua ayatam wjadoh nay oama l>oth pXaaisa and pXataXat ahaagaa ^t& 
bypass l&a aai^ y^ »iaatieas of thair laAlrlAmaX aaaMaiilaa, 
n 
' * « » ^ 
WAya Of f^omaqimir AHP gAOioB T a hnm Bi^anma 
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DiMftcaA vtatta of liTor affoot tlia i^rixtiioaia of ooagiOAtiem 
f a«tov«* f xotJMoa l^A waa taieaii aa a i^a^X of Tlt-X-tdapasAant 
f attt«i«f aaA faator T aa a rofFaaaatatlTa of Vlt-^^iaAapfliiaaat 
fxe%« lioiral «r total aliolaatairoX aaa i ta aatarif ioA f x^aotion 
waza talitii aa I2ia iadioator of tlio tota l attiritar of Uvar ia tamo 
^ i t a vffltfiasoy i a ayatliaala,iatoxldatloa aaA ooajiifatlea ra* 
aatloaa« Witli l^aaa inlioaa aa th« aoaooa daaeaiaato^ footer T 
aa& fi^tlisoa^ia war* oo^avod to aae^^aia imieh of th0 t«ro eo^M 
lia a ^ t t a r iaAlaator of I t for taaago* flila vaport varaala tliat 
f iMtav t ia ft raXiablo Sadioator of tho insata daaaga of llTor oolla 
aaA oa Idiia %aaia» a progaoatlo aoaaaaaoat of Tixal &afatitla ia 
aufiioataft* 
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fht proooaa of ooagulntlom Xmolr99 a oorloo of ohaln 
r«aotloii» imp2M&tiJ^ nor* l^&n a doson or so s^looular •ntitloo« 
fho liflpor Vjixllioslaes a f flmr of 9vmh f aotoro iarolTod in ^ o rariouo 
otagtt of ooagttXatioiu Xa XlTor disoasosy aff ootln^i t h t optlisiis 
f uaotioa of tlio htpatio ooXl^masa, i t la oxpootod that tlioao f aotom 
would \m affootod la toraa of t ho i r quality or ^L^^^ t^lty • rof l«»tiag 
tho orora l l def ioioaoy i a thoir f uaetloaaX •xpreosiont fsui ii prolongod 
e lot tin** 
When aofloaoing the s ta tue of ooagaIatioiv<«faotors in llTor 
daaaiOt protfeiroaliiii t i ao i s 000 of t ^ t i n t - iionourod toots . Whoa 
Xm^ tho TltUiiA-K: thoras^ i s usuaUy iadloatodf t»tat a l l ooagulatioa 
fae ters aro not Titaaiii ^^opondoat for t ao i r syathosis, iuiooXorator-* 
gloliuXin or f aotor V iiappsiui to Iw oae suo&« fho ooixrentioaal oao<« 
sta^p prothrombin tiiao as ooasurod in aiost la l^rator ios (yuielci 
1935) i s an oi^rsssion of tho ovorall aoohanioa aiad tho spood of 
ooa«ulation in a glTon sas^ls &£ plasma uiodor ooas eontrollsd oondi^ 
t ioai* A pfolongod prothrojsbin-tias aay indioato on3^ a dofioioiit 
prooosa in the f i na l analysis of tho ooagulation, but i t hazdly 
points onti tho spooif in dof set in tho quantity or tho quality of 
as^ of tho f aotors part ioipat lng in tho proooss. 
Attoapt has boon iBado» thorsf oro, to aodif y tho prossdures 
In a way as to pinpoint BOA dissooisto tho t;fpo of liTor inrolrowint 
i n tersB of par t ioular dofiois&oy of various o lo t t ing f aotors. 
Sinoo tho ooiiiai»n aothod of assay for the olot t ing prooeas i s tho 
one stags prothrombin tiiao (QuiaXt 1 ^ . $W* ^'heroin the thrombo-
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plafftiii oateriaX t» added, i a 0x9993, to plaaiaa a»& i a the pre-* 
991109 s£ dptiisoA 9aMXvm 9hl&riA9 the ohaia reaotlo]^ »m ah^im in 
tiie f i«« 4 l>«law, i s trigge7«d off eio&iag in tke f oraatioa of 
f itaria o lo t . 
Oil SfASE fBOfiK>M3IS.flli 
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l a t i t is prooeeflf tiiei«for«, axe iMsafed a l l tiie fstftorSf 
iiiroI:re4 Xa. the oe%ueiioe ^loirai and tht^ &mt f aotoi* VI I , X, V, 
&W& IX• All Bvah f aotoTS a»i ayathooiaod I21 l iTeri aad aitr 
defloi«ao|' in a^f of tueee tmtQ&t e i ther aiiigly of in gToupe, 
w i l l l e ^ t o an orexmll def ieienoy im the opeed of Q34itti{iK» 
fh« ayntheaio of VII , X and I I are vitaiain K depeafteat 
while that dt V i e not* fhua appar«it3y, ^ e eyslheaia of X, VII 
and I I are pregraaaed on a aoaei^at e in i l a r set* 3ut that of 
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f aotor T aot tMiiag Tl taa la HUdopoadoat t&llm» a diff oros* pattoya, 
l a hopatiQ dIaordoiMiy onposidal a&ninlatratioii of YltfluBin £« a« 
usuaXlr i^»oti iod| aasr wliip ti^ t£i« ayatkoala of Titasiti S-dopoaAosI 
f aiotexv whijsth mig^t in part oorroot tho a^nlfoatatlon of o lot t ing 
d«f oet m ^ i o ^ iBpvmim j^SI i t "^^ ^^aalo pathology in l ivor, %^^ 
tlioaia «f f a0tor Y not 1»«lng dopoadont on ritaaHn K i s not an^totod 
to ia^fwro with tho ottporioal thorapn^ ani a« a\jtoh w i l l follow lioro 
r«lia^3jr l&a oourao of diaoaao along w i ^ i t a rolapaoa and rottisaion* 
l a ouoh a a i tmt ion t f aotor Y ooatei^ l a pXaaaa wouM show a dis iao-
t i o a uz£|il th9 pathology in l i r o r ahowa hoaling and rogoaorationi 
thoni^ tha Yitaain K«d«pondont faotors a i i ^ t aa^ihit aignif isaal 
iaq^fortaaat uadar tha io^aot of Titaain l&oraisr* Slnoot howorari 
tho faator Y parlioipataa in tha a9Q.uoaoa of o lo t t ing oaaeado at a 
staga pzlor to tha iixrolvament of f aotOF XX or prothroml^in, tha 
dof ioiaaoy of faoto3f Y ia axpooted to drmg down tho apead of olott ing 
to a loaar taa^o oYan if tho pi^thvoahla ooataal in plaasta ia noraal* 
l a proYioaa attadioa on tha ooagulatioa dof aota in l i r o r 
diaaaaa (fihkbiaar at al t 1959)1 Biggi Is laofarlanat X9&2) tha 
s tatus of prothroabin ia sttidiad and tho Tnapamf to r i t a a i i ^ I or 
tranaf uaion ia iadis&tad, ^ o d«f oat oauaad ^ l i va r disaaao waa 
• i a i l a r to Yitaaia £«4af ioiaao^ hut not iatraquontl^ a prothroahin 
dofioianay aa dotaetad ^ tha two-ataga aathod (uuiok loo> 2M^* 
Ei^uetion of prothx^ahin hm %mem oojsaidarad }^ thoso authora aa 
a aora diroot ia&ioatioa of lirar-daaaga than tha ona^ataga pro-* 
thr^ahin t i a a toat« Biggs and Maefarlaas (Jygt* JSM«) ^ ^ ^ alao 
ahotm t&at i a oaaa of oirarheala of liTor tho ona ataga-prothroahia* 
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ttaw 4o9» &»% rertal th9 4a^ «Qt ai3£i aoaatia^s app»ax« msnmlf %iKt 
%w»Hita6» %«8t 4«tiiilt«ar i^ ewa If tiia 4«^jy9l9i»y of pxotiixoabia 
la piraaaat* Xa aoaa patlmita, tlia 4«f iiOiaixiy of f aotor T la ooaaom 
aa raportai % Owram Ca^9) and itafazHni (1950). fluakhtmr (I9m) 
hm* r^ortad th«^ eoagoXation 4af aot la llvair diseaaaa maa foiusid 
to te a auXtipla oaat iarolTinf platalatai f aoHor 7« prothrostbiii, 
proooaraitliit f sstox* IX and poaalbl;^ othsir plJuiaa/aaTum throabo** 
plaatlo f aot03*a« fht dagiraa of lapairaiMiifc 7oti#il^ paxuUaXod tlia 
a«nrarity of livap disoaaa* Saraz^ plaaaa aoagalatioa abnoraalltiaa 
wara oovraotad partially ^ tlio ooffibiaod maa of f raali and atorad 
blood, fraith blood waa praf airod dua to tha gvaatar O0iiooiitx*atloa 
of f afttor Y sM tiia Tlabllity ^ platalats In iv9h blood* fliasa 
autlioz« iiaad 01U9 oaa-ataga protiuroabiA»tlJi« aa ma boat arailablo 
ao?a«mlAg taat for t^a araluatioii of plaaiaa ooagulatioa aoo&aniatt 
la tualr patlaufta* iiapapon, MkA i^^O) liara oaatioaad In tliali^ 
raport OA plaaiaa elottlog faotoiv la oiuromlo liapato^oallmlar 
dlaaaaai wlian ooiq;»ariao» ia aada batwaaa f and F t^at (protiii«abltt 
ai^ prooozsrartlEL twit) of Owran aad Qolok *f * fls»y %h% Qulole*a 
toat aaaauToa tha ooiablaad tffaot of protbfombla and all iSxttm 
aooalamtoxa of olottiag l^a^. (Vt ^^^* ^) a«ttrat«d ^ tlaaiaa 
tlirosboplatftl% ^9mm» *P aad t faat* 9i Owfoa la ludapoodant of 
proaeoelariii or f aotor V. Slaoa px^aooalarla f alia la obafoalo 
llvar dla^iaoy t3%«aa autbora tbou^it If^orlaiit to oos^aro tba two 
typaa of taats «ritb proaooalaria taat la ooa^aaaatad ajsd daooapai^ 
aatad olxi?Iioala, Aooovdiag to thaVf proaooalarla diClolaaoy doaa 
aot QQQvap la patlaata with slid oliroalo bapatooallmlir dloaaaoi 
nor oraa la patlaats «ltb adTamod diaaaaa aftar tha oon^naatloa 
?.H 
oln^dalA ha& pV9m99l»3fiM IMW^IB IMIOW $QA Ai>out $0# of prcH* 
aOQ«l«ylm IJI r«]^re«4 to IM ^ 9 miMmiX r s tu i r tnsnt fur ^ f • a t iT« 
Ii«ii9«t«sit ( faa i l t 198?)» %f9px«»0d«l4»riii»aia i>adisr» »o Vttssr 
9oiMiAt«ally Sa d«o«st«a«»t«4 ^ijmkQmim Hiait i t s a^ssmss ia a 
patisAt witli JauaAiso i>r asdi t ia arausss susf ieiea c^ a l t s raa t s 
oavss fQ3P l^sss fiiAimft (Sapaportt J^ gf* SM* ^ oas*stags proturoalilii 
t i n s 9i Quiaic ai^ f•*! I^ iaw of Owittii ( l a s . H I * ) &^ ^ t sralla^ls 
iad isa ts rs ^ %tM dsgi-^s of pvoaasslaxlm d«f ieisiidy im olrz^oslji, 
as sosstiuss to 3&# of pati«nts with dasoa^smatsd oizfliQsis, tJlMS 
t s s t s liasfs ^««m irsfortod t@ W aboTs 60^ of isovaaX (li^aportt liis«^it>« 
0WX9II (1949) rsportsd that proaooslsriJi f a l l s l a SSTSTS aeuts 
Mspatitla aad in oUroois hepa t i t i s hot net i a mild aonts hspati t ia 
or lia o^tnadtlTs jataadiss* Thtso o^ssxratiOAs ha?rs lissn ooaf irsMd 
liy ssvsral worksve (l<iatont 19Sg} Biggs ^ lia»farlanst 1962) $tsfaiiiaii 
1950| amssaia & Ohaudhnrlt 19fd)« 
l a aoiia sf ths p r s r i o ^ reports a ^ sorrslatioxi has hssa 
aadt oa ths status sf thsss f aotoirs and othsr l i va r f lanotioa^tsatat 
aiH? ths as^haaisa of ths d ^ s o t as ladwsd isy the pathology has 
heea saggestsd« l a tliia stud/t I t has toeea o^serred that f aotor ? 
ia a mors ssositiTS index than prothromhia t i a e for asseasiag tlie 
l i ve r daaage* 
f re l ia laary attempts were male ^ the preseal worleer to 
stad^ the stattw of aooelerators l ike footers l i t ? ^ ^ 7XX i a i2i» 
f eetious hepatitlSf and oisvhosla of l i v e r with or withotit ase i t ia 
(Rueaaia et alt 19^1 u l a t h l e reportt i t had heea shown that ra laes 
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of faotor II or prothi^mbiii, aa dataraiaed fey ona-ataga p»j«ir»«%ia 
tiaa \ialai &aigra* eommmiAl tiuromliopXaatia ara prsloogad in i»» 
f aotiona ^apatitia ^ul ii% oiffetiaaia witiiomt aaoitaa tliay ava arotyad 
aoraal rasga. I^ af ieiassy la plaasai appaarad to %a of f aitor ?II ia 
iafaatioua Mapatitia and of liot^ f II &iA prothroabia ia oiivtioaia 
with aaaitaflf t&a aararitf of tha dai»fa hssring a daf iaita ooirraXa* 
tioa wim th9 d«f ioiaao]r of f aotoro oliaarrad* Biatiaot and aalaa-
tlTa datioiasoiaa of diffarazst ooagalatioa f aatoni ia livar dia^aaa« 
aa raporlad mhoft ^^^^ ^o warrant two faota (il tliat auoli faotofv 
ara iadap^idaat aoIoouXar aatitiaa partieipatiog ia tlia ororalX 
prooaaa of ooagalatioa at diatinotl^r difforaat l«7al»f ( i i ) ttiat 
w^mhmuiM of Bveltk f astoxa aro iadapasdaall^ prograaBiad % bapatio 
paraao^aa* la tMa ooataxt, tha apparaat amisif aatatioa of apoalf ia 
daf ioiaaoy of oaa or otiiar f aotor saagr raf loot diatinotly diff araal 
iisrolTaaaat 9i liapalis aaaa ia irarioua patkoloiloal paraaatan. 
30 gat aa iaaiglit aa to tha atatoa of Hapatie paraaeliyMky 
^oth ia tanffii of tualitativa or t^ ^^aalitatiTa iarolTaaaatf oeii9rtaiaad«> 
iag al l f aoata of tliair f umtioaa ia pathologioal atatoa, oaa liaa 
to parfora aarriada of taata* aot eftaa r9ie^ laaa^uivooal ia l&air 
iatarpratatioaa, 
Ia thia raapaot« aotaboliaa of elioiaataroX ham liaaa ohoaaa 
aa -ttia iadax of liTor f tmotioa* tiio fumtioaal iafeagri^ of 
kapatia aaaa dataroilaaa tha rataa of oaoiaatorol ayatiauiaia aad of 
ohoXaataroI^ ^aatar f oraatioa* iitli tha daaaga of Xiirar oall» tha 
lattar p^aaoataoa ia priaari]^ affaotadi and low pXaaaa oiioXaatwrol 
lofalJit ^ ^ ataointa aad ralatlsra ara ooaaiato&iklar o^sarrad* la 
10 
stetritttlsrf i&vaAia%t ths saearstioa oi o&dlsstsrol i s fr«rsats4 
azi& tbsfs i s a prsi^t yiss 9f f r»t a»l sstsrif isA f z»eti9ii« If 
BO sisalf itai^ iispatit s«X3. darngs 9ssui»» tim riss in piaam 
Qii93.s«ts9»l mA sstsrs m^ tessoiw snoafaioiis. If t&s l irsr daaags 
is pm&pm»^mit tOis ultiatats aftsst is a fa l l ia tlis t@tal sholss-
tsvQl &W& S8t«x^2«tid to submnaal IsrsXs* 
fatal Isrsl &t siiolsstsrol in Islosd is -^9 rssiiltaat of tlis 
rats of symtiissis Vfrstia ths rats of dastniotisn* It i s kmmi that 
sholsstsfol i s priaari^ syatMsijusd^ (?0-»1^) soajui^tsd mA 
i89r«ts& W '^ hs liTsr oslls anl tbs ttirasTsr of o&olsstsrol anl 
i t s Isvsl In blood oam l»s sxpsotsd to rsprsssat tbs astaliolio 
aotiTity of liTsr and i ts sstsrif ioatisn oazi Us taJlcsii as squiralttt 
to 1&S dstozioatioa o,.^ ooa4\agatio2k^uaotio% a prs-rst^^^i'^a ^^v 
al l sxsrstorr s^tiTitiss of ttis livsr i^rsi^li^aa, Siaos tiis total 
o&olsstsrol and i t s ostsrifisd fapaotioa (of th^ total) ar» botli 
iffiplioatsd ia tUs farsno^mal aotlTit^t prodmots of tlisss two 
auasrioal '^luss wars mssd as tlis iadioator Q£ tlis parsaoiiyaal 
hsaltl!!, Sasss of fortal oin^osis and vifal iispatitis hm^ bssa 
fomid to Um% th9 rai^is of valass mtmAiMg from a low »oraal to 
a Tory low iadsxi dsfanding om tlia dsgrss of ths ovsrt aaaif ssta* 
tiOQB of 1^ 0 dissassd stattis« trsiag this ^ariuistsrt o^olsstsxw 
iadsacy as tlis si^rsssioa of farsiasltyaal hsaltn* f ur&lisr attsi^ts 
wsra aads to asssss His stattis of Tarious ooagulatiospf aotors im 
this ooatsxt* 
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itttffll^fft ,1^ , ?if ^ > ^^^ «a» «ol2A«t«4 f apaa normal h9Aimr 
^mmmt mmtig eoHoagoat mA^ tm^imiA&l &%B££^ f&tlmMB with 
vavidii* liT«r 4i«dxt«3r»« •.% |jxir«9tiT» l:i«i»atlti«» alxa^osiSt 
aaHgaaii^ loroXTiiig liT«r» ^Hiax^ ^ tradt iii?«atioast ^oXtUtlLliMls 
wltH. d^tmio'llv* s^ stftfifi £|S«» *''«3?« ««I«€t«d iwom t&« wmsds %i& th.% 
ontpatiti^ itpailriiimts ef Xswia Hdspitali I«w Seliii« 
llo#4 wsM e&lX«dt8d la 3t«rila «3riri»|p«, aalag X past 0»19J 
0O&i»ai diti?iit« as ndH-QoaguXaat to 9 pav6a blood* Sorupulous 
off oris «02« takoa to ovoid oXot and hoaQlyois* Blood waa leapt 
paolcad ia is« during transport to tlio laltoratoxy. It was thsa 
oostrif«bgsd is. eold at SOOO rpn for 10 ttlsiatas* Flaaaa was sopasatad 
and part of i t was U9«d for tlie aatiaatioa of fDirlaoiaii aad t&« 
raat was leapt at 0^ 0 until tiia aasajrs of f aotor V and protli»>«l>iar» 
tifiiSf wiiioii wox« dona witiain i«4 liourSf aftor t&a oolXostioa of 
blood, for tiia dotoxmination of f il»ri]i9|^% tlia aXi%iiots of plasaa 
wars rsaanrsd bafors Siaaping in ref orlfsrator to avoid tho prooipita^ 
tion of ooM praoipltablo fibriaogon (S^oragat XM2) wMoli inigsit 
iatorf oro w i^ tiio oatinatiozi* 
^fflfff«lllft1lfft ..f^  ,?IW»ffif-f» S^^ l i pXi^m was takan in 
a oantrlfiigo tulM a»i 4»9 ^ of ?aiCastJwr roagaisi (Farfantjar 
J l JJt* X9ilS) was addad* Hia aiacteura was Isapt at 4^3 orami^it 
for oo^plata praolpitatioa* Slia fXooouXant fibrinoiitm praoiftflato 
was oai^rlfugad at 3000 rpa for 10 a j ^ . aad tlia tuba was iirarfcsd 
to drain tlia Xi^ uid* f&a aidas of tba tuba wars wipad with oXtan 
iZ 
tlXtBT fafci*. Fr<»t«in 09]t<i«»t <if thd pr«eipitat« was i«t«m3a«A 
^ 8ie41fi«& Biuret at$}i9A (luMalu j|J^  ^ t IMl)^ fh« frt^i^ltat* 
was di««i>lr«A %y tlio alditioii pf O S^gl of 30'^  ao i^uai lt|*dz«3CiA«, fo 
-tli« •9l»$i«ii of 9z«t«iii« 4 | | | ef iilO i;iuaUta«lT« B»ii«4ist*8 3?«tai|«]it« 
f retiil^ diXii^ sd v%m di9tiXJLo& wattr, wart a&dtd, ma aolaur «aa 
alXdwad %& AKfl&p far mirty miautat at laam taagaxatura* fk9 
lat tas l^ af th9 aalaur was aaaaiarad ap^inal a raa^isl balak at 
ammvL tsk Illgar Aiwo^tiaaatar* fka f l1irii!ia^&<*eoaf tin was saloiaataA 
l»3r fwaAiag a^Oj^t a ataislazd euwsy prapaz^ w i ^ a kmitn staalasAf 
i^axnia ^9 protaia aitspogazi oaatw^t was datai«las& ligr tht i^ra* 
Icjalj&aliX awtiiad (Millar aad Eou^itaai X94@)« Tk9 pxlaalpis l!vo3?rsd 
la l&a qixaotitatlTS tataTstiaatian af prataias Igr tha KjaMahl aal^ adi 
i s tha aaaraxslaa af "^utA nltraisii lata mmmtiXw& la as %f dtfsstiaa 
af pxatalu with oaiasw i^tratsd euXfiiuria aald ia tha prasaaaa of a 
suitalila aataaarat lik9 aapptr ataphata* fh9 digaatlaa sSjctuva was 
t&aa mAm alkaliaa and tha asaaaaia was ataaa^istlXXad lafta an 
axaaaa af atitidaxd aai4 aad was datanlaad <|aaBtitattra2gr ^ tltra* 
tlaa* ThiM aathad gisrtm %h9 mmt raXia%la rasaXta* Hitrogaa 
Talaaa waaea aaaraii^ ad ta pxataiia %y anltlfl^iaft W ^ f aatar af S*S9« 
graaagatioa of JaUliit Mm$A VkmwmmlmtJMt lixrfar9d.aaU]9a 
ai^radt af imblilt Himia was asad aa a aaai^a af ti&xattl»ap3.aatla far 
tiia dattimiiiatlaas af protl;Lre)abia tiata and f aatar T* Maaltby mwmX 
zm^ i^ta waxa kiHad «a&ar aaaaatliaaiay tiis lixpajUis wafa %uiale3y ra* 
aarcdf dMlllad and alaaaad aff T^aala aad Mialiigta* fha tiaaaas 
witli Ica^ wii wallet waz« lias^l^iiiJiad with 1» f^ ared<»aaliiia {^9VQmX 
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OtOlsl, »o&lua 9hl&iBU9 0»lSi| 3^7»4) i a tlis pr^ort loa of 1«R 
%isstit/]|^ liiiffsr« & t &«w^»ats was ianautomtsd at iT^O for out 
hmfff ^ ^ #satzlf tiigsi at UQQ % g for t l i irty ainutss I A SdU* 
flis si;q^s«ii&ts was a4|ttst«i to pS 7«4 with 0*1^ aodlMSt MifAiroxids* 
Shs thfirafl&plastim t in t wss Msastirsd asesfSing to auiskt ^ « iM*» 
l»^ taklJaif ^•^iil a^mal i^ lasoa witb ^ « t t Tatloixs iatiridiial 
Ailiatioss sf hrmim. ssttafSiStf iasuliatiaig t^s nistuzHi at 37^0 f e:r 
•xastly i^vss aSantss mA aAAiag 0,8i^ sf OtC^SJ salsion ^ I s r i i s * 
fhs eistt iag tias iM sssoads was nstsd tmm t ^ t i a t of additi^ii 
ei oalniaa s&l9X^s« Olot-tiass witli faxldias Ailutioiis sf bx«ia 
ksaaftaats wsfS notsd and th« wo arcing stspsng^ for ro^ias uss 
was aA|«stsd oa tlis lyasis of tho d i ly i ioa wiiisli gars %h9 aiaiaaa 
slet-»tiai« Aotirs tiraia^tliroa^opiastia ia ooaooxslratsd strtiogtli 
was JKspt at «• Sd^ @ i a s m l l a M t ^ t s and was dil«feed f zsslU^ btfoxv 
wtm witH lMif^sysd-saXiao» Braiiis f3n»a ot&aar animals» Xiks goaty 
aiisspt giilasa pig wsx^ also axtxaotsd laidsr siiailar ooadltioas 
but laHbit bxaia sss i^ to hsnrs worlsd bsst witu ths huaan systs^ 
fhs aot^ i t^ Tarisd f roa batoli to 1»ato& but was adlustod oaoh tias 
by dilvrlioa of tbz'^iboiilastia and obssleiag i ts aaisciaal astivity 
agaiast noraai plasaft* 
?gfl«?^1,ltl,.ff , % l ^ l i f1^Ti^fl,f .y,4iW» Bariim sulidiats 
adsorbod plasaa was mssd as a dilusal simos i t was f ros f roa f astezv 
IX» VXXf XX aad K tho diXu«s:it pXasaa was p3?opa]?9d aoooi^ diag to 
thm at'^od of Daois C3Jd6) witb tow aodifioatioas* IXood was ooXXoe-
tod ber Yfisipiiastuirs ia X pasft of 0*1^ aodiim oxaXato as zioa* 
ooagt&Xaat to 9 pans bXood, Xt was ooatrif^igod at iSOO zpa for 
H 
Tiavius sulfbats (Baligr) 99?|g« plaama, Xt was iad^atsA at 37^0 
iQV 30 idaimtss w itii #o9asslsiiAa. stljr^lagf lOisa ssadrJytngsd mA t&s 
sii^snatajat ^lasaa was ussA as tiJ^usat* f x^tlun»abia t l» ts (QuisHi 
MSh H I ) * « ^ s&sslesA hti^m mA $£fr liai^uai suJ^ats trsatiB«at« 
I t was itsst as pXaswi tilnsnilf wksa i t was son l^stsJ^r f rss of pro* 
thvoaliiii astiritir* Isstoais salias hm ast ^ssn ussd as dUliisat 
litsanss i a liigb^r AUxAl^nm wi-^ saXijas t}i« ttl^Ttm&m s@atsix6 «f 
dilttlsd plasaa li^ s^nuis a Umlting f astsFt 
aiass ^x i^n sulcata adsorptlAii ^ pT^thx^ni^l^^mti^'ltm tidiss 
plass «Cf«otlrsly la oisalatst plasaa aaA ii»t la siti&tsS pXasss 
ualbsss >a3riiia sua^ats it» f i r s t trsatsd w i ^ oltimtst tisfsx^ txtat« 
aflat witii sitpatsi plasw (Oox j | ^ t lS^>t i t was ooarssi«at| 
thsrsfojfSt ^^ 9 ^A« oxalatdd fXasaa ra^sF tn^i sitrats^ plaiaa« 
V dsf isisai pai^absasii^iiis plasaa was a i t i f ioiaUjr prspavsd ^ SI^LSC 
aeraaX <»aiat«4 piasaa ao9ex<&i3ag to tlis iNitllSd of Stoxnox^a (I9S7) 
w i ^ alaor jsodifioatioas* o^raaJL h^uaa %io^ was ooXIootsd iats 
% part 0«IJ| sodiua oaeaiats as aa aatisoaguiaal to 9 pasts l^ooA imm 
a faulting doaor« fh^ )iioo4 was osiibipiflagsd at SdOO i^a for ^ i f t y 
aljmtos* l^« piasaa was ssparatsS ami dialyssd for M lioturs at 4^0 
agiaiast saliast ooataiaiag oas^sisE^ i ts r^Xmm of 0« i j sodius 
oxaiats* fitis aoo^at of aalisoaculasl was talsia so t l i t t t ^ soa* 
osatratioa roaaia«& tli^ s saao as ia plasaa« &s purposs of dialirsis 
was to swaoys 13io 1iiOarlioaato-*^itff oz* s^rstsas ps^soiai ia plasaa« 
4ft«v 4ia33rsiS| tho pH was )»zo«(#it to 9«0 witli 0*98 sodiaa lty4»ixitSt 
aaA tHo plasata wao plaooa la a wat«r %at3i at 3?^ with aooaooloaftl 
mmiOm ^ tli« -0$ «o that i t wa« not allowoA to fal l ^low ^ 7«7« 
fho pla0» wa« 4iTlA«4 into 49«S0al a l i t^to for ixisu^stioa in o^nal 
voltiawa aad aaai olxo aoM oXoanoft tulio»t to got aoarly Montioal 
piPOparatloBii f roa i^iSt^ram oseporimoiita* ^ o x^tlo pla»m& •oltaao 
to tho ai-va ^ ooataot-ousifaoo has a gzvat iaf luoaoo oa tho aglag, 
^«9l4o9 othor f aetora liko hoaiatoont £|g, m« aipisaa was kopt laiAor 
taotjOiatioa at 37^0 and at iatoxrala throabopXaatm^iao aat throabia* 
tiao woro ohoolcod f iioa oaoh ooataijior i a l t i a l ^ at aoro tira a.wA 
w«x« f ollowod at iatoxraXa* l^iroa^plaatia tiao wpt aoaourod ia 
tho folio* lag wa^ t to a«seal of aliquot ia a toot tu^o (lOOaa a llaa) 
a* Sal of thfoaioplastla mA O*0al of l3iiff orod aaHao aa %UM «a« 
a&4odl aa& iaom a^toA for o3Eaot3^  two aiaatoa aai thoa 0*33^ Oalol^s 
ohlorMo was a&dod* fh# stopwatoh waa stano^ at mm9 aiaultaaootialsr 
&tA olottiag tiao waa aotoA ia aoooaiia froa tho t » of aMitioa of 
oaloi»B ohloirldo* I3ii?<m i^a tlao «a« alao aoaauroA to ohook tho 
roaotlTity of f i1»rlaogo!i at tho aaiia intorral* p4o«l%sa plaaaa waa 
adaod 0»Sal ofilmffox«|jal&aa nxA 0«@ttl &^JI$/ | a aolatioa waa 
aidid mA oXe^lag tiii| Jl aooonia w^ ?»tod» 
Ho f aotor Y mWkXty waa dotootod f^oa tha thx^a^plastia 
tiaa roaohad aaarly 9Q ooooada from aa ialtiaX TaXuo of M-M 
8000^a« l^soaliia tiiMa did sot show auoh dlffaromo axo^pt that 
thoy woro pitiloaiod ^ a«»3 aoooadat f s^a aa init ial Taluo of X3»XI 
aoooada. At tho ata^ vhtm, throak>fXaatih tima wsta 90 .^ |^ » plaaaa 
waa Toaorod f joa wator hath, ita pS waa adjaatad haok to 7,4 uaita 
wim 0,3J aodlaa hydroxld«« Aftoi" tho adjuatmoat of ^ , th»>aho« 
plaatii^tiao waa iwaaarad afaia* fha vaXua alsra^ r^  oxoaodad ^ 
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9r«a8«4* %^« 4«9a^ mt« of %h9 flissaa f ai9t#r ? t* f»ii0k th« d^ ajbrtft 
XdTttlt as a^tiaiy tmk aO>^ Hotirs aa4 tli« p«lt«xtt ttti^iavi in a 
typical iX9< i^iiwttl ia i^wi la f if* 9« ^ t plmmm wm Xa!»alla& aa 
••Agad plaaMft* Ci^  waa uaad aa autiatmta tm m9 m^m^iQm af f aotar 
V* Xt waa atwr^ d fa Man &« •«20®C in asaU aXl%uata auft waa m«ira& 
out only tiaf^ xia «iaa* &a laft arar plaaaa waa nmmt amvA for ransa* 
^^flfHitfflflff „f^ , Im^m J^ ?aetor Y waa datatniiiaA ia f iPttfily 
oolXaotail iplaaaa aa diattoz*l)>a& vmA9v '*OoXXaatlom ^ J^M" IDiy aaa~ 
ataga sttha4y mimg &ftif ioiaiagr pra^aswt (aa 4aaaiPili«4) psmS&wm^ 
f&lUo plaam m aii^atrata* fXaaaia aai^ pla ta a^ taatad waa dlXutad 
Has timm w^Hi %iaff arad aaliaa just priar ta aatlnatiaii* fiia illixlad 
aa^Xa was tiMnm aa 100 par oaixl plaa^a far tlia p^i^aa af aaaajft 
far "^Mi ibasasr ajrata% Q1^ml af t&a dilwiai plaaaa maapl^ uma 
taicaa la a fiNit titlni (lOOam x llmm) aai 0«ait| «f tHroabapXaatlUi 
auapaaaiaa wm aii«i» i&a 1^ %« wm lMlii#ii«t f #v axaatHy two aiaiKtaa 
in a watar Jf«lli ai 9 1 ^ aaA at t!ia iotl of twa «iiraEtaa| 0,aal of 
0*031 aaiaii^ ahXariia addaa aM t^a atapwata^ afartaA at aasa 
. • • • . « 
aiffialtaaaau82y« f!i« aoataata af t&e tulia wax« atirrad ganilfy ^ 
aaaJtv af a iiao}£ and t^a olattiiig tiaa aotad in aaaosda from tha 
tiaa of addition af oaJaiina alilorMa* 
i^^^id ourra «^  faatfr Yi faator? ia aora ataliia la 
oltz^tad %l«ad i^mn la oxalatad bloody Hama far ataais^ aurrat 
bload waa eoXXaatad ia aodiua oitrata aa aatiooagiiXiat ia tha pro-* 
pertioa af 1 part 0*X3M aodliiua aitrata to $ parta l>Xo9d| f roa f Ira 
4S 
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p9t 9%m ailutioa of plxmrn, &aA 
to six bftalltoj doaoir«« iX^mm sai^lot w«iw 9«parat9& af t tr mo 
ti3«o4 woiv doutrifuiStA at 1^ 00 ^a« la ooM tor toa aiimtos to 
i^ iiiovo fiatoloto aaft f:iatoi«t fi^piosito* fl&o oaa^los worn thoa 
pooXod aai Jkopt ia tisUyULoft #mtaiaosii« Bil^tioai of oitratod 
aoraaX fooloft pXmiaa woya wgl« ia voxoiia^lit»ffoipoi aaJwiao (Tox«»aa3i 
Oilt so^iim oia»ri&# a«lSl pi ?«4) arasagini f xisis to^ to XQQ^ ailmtioa 
(JUt^t ^^30 ^ X/m f^apootlrolj)* ^ o olottia« tlaoa of tlit 
dllutioaa aj?« plottoA oa tho doublo oyoXa logaTitluiiie p^or agaiast 
t&o o^ uifrnXaal porooatrnga of faotor f slid a atx*al^t llaa la oMaiaat 
fig* d« fh9 rosiata witu XQ^ aofmal pXaaaa axa ax%ita7il^ «xp]niss«& 
a« too iaiita/«]u 
tast ia ^aaad oa Quisle* a oaa--ataia taat wltli aoaa ao&if isatioa aiA 
was datai«ia«A Iqr taleiag 0«X al» taat plawna asd 0«iai* of fra^X^ 
dilatai t&3KKBl»oplaatia in a aaall taat tuba (ilaa x XQOam)* Hia 
tu1»a «a« leapt at 9f^0 watar %ail% for t&x*aa aiaatMi* At taa aziA # 
axaat^ r^ l^^a Hiiaitaat d*Saii of 0«0S5i aalal^ra mi&tiA9 «aa a&4a& 
aad tiia atopvat^ atsxtai* 'Ska olettiag t4«a ia aaooada «aa aotiMH 
f foa tba t iat of ai&ditioa of oaJ^ iiHB* SSia aatiTity ia tazna of 
pro'^ roalftM aoi^iaK vaa 9aiil»amta& f apoa a ataii&afd ouwa of n^owa 
prothr^tiila $X9AXmi% whX^ vaa pxaparad ia tlia foIXoaiiig v&^t 
Talciag tha pooiadi aaapXa of aormaX plmaaa« aa a aoiuroa of 
iOO^ protliyo»lii% a graAiezH of prot^ sr^aSiia ooatanl wm pr»pax>aft 
witli a pi*otliroal»ia fvaa ^axlaa aulplifita pXaa»a as dllu<mt» &a 
protbxvaiMa tifl» of aaoli ai3ctu3fa was datanslaod aa a^ ova aal a 
:;o 
AUutloa m vkbmlmm mmi o3«%tiiig tsa* ia stooato oa 9X<ti8at«« 
Oii»»8ta£t f 3!«thz«al»ia $IJI«C w«99 ddi^amd wit& tk« Sift}Ki4 df 
ooffiisreiftl 1^xoad»9lelJiii«i 9«iir ta d«ao]pi%iA a%Qir«p V:f tliia a»tlidA 
also to 9^9^ %hm 9^mi,u9t%iXi%f* ^ o tost 1« th« vat* of oonroxw 
sion of fipotiizoa^ia to tlir(^1>l% mhun tho aea^aovr faotoxv ara 
l^ raoonl ia oi^tiaua aaotmta* I9i« oaa»9taga*t«at is a aoasaro of 
tili9 orofaXI. off laioaajr of tifaLO i^rothroa^ia to throi^la aoaroxaioa 
aM f iHrin f oaroatioa* Hit torn f rotiiToaliia ooi^ l^ox is uaoi 8ia<Mi 
i n oao««tii«»«to«t« tko ooaliiaod offaot of faotoro 11^ ?, VIX« Jl 
ia ia4ittat«i« aJbwtg wlt^ oaXoimit ioao a^ iil tl3:roabopia«tla* 
otaaAaxfi o^orra for pititkr^abia l|r two«>«tait sttllod waa paroparod 
tisiag 4«filiifliialaA Wriao f laaaa* ^ o f faah liovlao piaaaa was 
f rood fx^a fi l^iaoi^a lor acting 40HIS aaita threal^ia for | ^ pXawaa 
and iaaulMiiiag at 37^ CJ for 3 alaatos imt i l ooaplata alottiag 
ooauxvad tliaa th« s^araataafe taatod for aaceass throaliia, mors 
was ao iMoaas l^roaMm bat s t i l l aoao f i^rliiogoa was praaaat* ^ « 
dilatioas of t^is pXmm, a ^ ot&ar faagoata wora aaila ia %aff aro&« 
saXino 1^ f*39» raaglag from 10^ to iOO t^ ,%,§•..* lilOO to ltlo« 'Sia 
raagoata usod woro aost j^f partially purlfiod sTataaat 
( i ) saa HaniJa auli^ata alaato of aarua (slato) 
was dilatad 60 tiaos iMifora taa aacpariasat 
( i l ) f a n ^ parlf iat f aotor T* kmima as aooalaria 
raagsai waa parif ia& mA pxaaaxvod mttu 0»3|| 
suoroaa at - 30®a« Bafora ^ a flapariasaly 
tli ia was dilUtad iO tiaoa witH ¥iiff ar« 
( i i i ) saraaioplaatiawas proparod f roa liiaiiaa l^-aia 
as dasasl^sd aarli<Hr 
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(iT) ^ 9 tmr% MtwrMki mem <l4.Mil«4 t#a tla«ii«. 
i^^) ^•mk ^ dt^# fil^lii9g9A aoXniiomwfi* i»«4 
:&• iaiii^titii aliEiw* ##ii9l««9& tf Ot4yg^  «if •A«^ r^agvjtl 
(1)» ( i i ) t ( i i D maA (tr)« ia t3i« orddj* giir»ii mWm ami letfl « | 
f9r «a»«t3r '^ iZfMi »i2«tt9«» file 9«&l»w«liol: wa» pXi0«a la tlM 
aiaduvt t# f IsJ^  oat tli« olot* fw9*««]i(lui j | ^ f i¥iriUi9^A a« sm^ 
s-tra%« was also lasmMtad for do mwQMm% Aii^tiota of 0#2si^  wora 
ta^n atil tmm th» ixmuhmtion sl^ ctuxa at iislawi^a of oaa alssita 
aaA 9M9A to f llMPiiiOita tvi^ 9S« S^ a olattiag titto waa adtad la 
aaaoada* ^ a aiaiasm olottiag tiao for mah diXutioa waia t^aa 
and pletta^ aa t&a graib agalatt W9 ^ajpaatl^ po 41Xutloa» 
?ffi^-ll#lftf^^ f^  ,f^j^fi1flt4« <malaatar9X« £mm wM total, 
waa 4ata«ail»M 1^  taa aati^ od aC i^ rilcaiaaa Caj4d) aitli aosa sm^USjm^ 
tioat uaiag f aa»rlA aiiXoriAa aa tlia aoXaaxiag agaai* fatal aaoXaata* 
rol waa f IratSi^  «itraat«A tnm 0*%||| pa.a«Bii^ aarua witH t(^ aXaalioX -
aoatoaa (Itl) alzlura la l»oillag watar %a^ Sa a gra&matad gXaaa* 
8t09pan4 tva^m to aitraat oliolaataxol qt^anlltativalsrt laariag 
l^ eaia4 1 ^ pretaiaa aa& ot2ior iatarf«riag au^ataaioa la tha prt» 
eipitata* fT9» a^laatarol waa SatasBila«& l|r praoipitatlag %y^  of 
tho aiJOTo amitioaad ^ctraot witli i^ of l^ 4iiritoala aoltitioay 
f raparad ia $04 «maaol« 13»« preolpitatiaa of t^a digitoaiAa waa 
ao^pXata wliaa t&a ooataaka waro i^ ipt oraraijiit at 0^ 0 in a atopparot 
oaairifaia tia^* flia raoidita of oaolaat^roX digitoaMo waa waiiiad 
ti^riaa ^ aardrifufatloa wita 4«CI||^  djUitiXXoft aoatotia and maa 
&XMo3sra<l iM 3*%yk gXaalaX ooalta aaid oa a %eiXiai; wsktar ¥alli» 
1^? 
CHOLESTEROL STANDARD CURVE 
0-05 O'l 015 0-2 
MILLIGRAM CHOLESTEROL 
0-25 
•iNBM^ ' • MS^^^S^HI^^SSNMM^^^H 
al^m^ts aitfl Q«iiiiat« op-|i«aX d«iiiili«« 
at 3^aBa, 
absQiMa 
P«r 
3? 
!Che soXour was dereXoped vllOi 2nl f err lo oliloride reagexxl* 
for t o t a l emiffwt^ml determiiiatlo% 2»Qi| of the abore 
mentioaed ext»uit ve r t oraporated to dryness l a a f |rr»: tea t tu^e 
on a }^iUMg water l ia t^ She aolour was dereloped witb % ! f errio 
oliXorlde reagisif a f te r tiie addition of 3«€i^ g las ia l aoetio aeid 
i& ^9iMng wai«r ^atli fo r nearly ^ i r t y seooadet as iqentioaed aboTe 
for faree olioXeataroX* ^ e ooXour was aXXowed to dereXop for tliiafty 
Etisutes in dark at room teo^erature aod tke ooXour imteasity was 
measured at §t^m» A reagent ^IsMk was prepared \^ taldJig 3 . 0 ^ 
of gXasiaX aiisltla aold azid 2 ] ^ of f errlo okXoride rtagent* ^ r e e 
eoBonitratisiill t f standazds were prepared eaok t i n t aXoag with the 
t e s t a a t e r i a l %m shook upon the reproduotirity and rsXiahiXity of 
the results* 
?rap^iff|%|a of staadard Qurye» 3took soXutioa for the 
preparation of standazd ourre was aade hy dissoXTlJig iOOag pure 
ohoXestexoX (3» litrok) in 10Q^l distiXXed ahsoXate ethanoX, 
She s taadar i amrre was prepared hy tsOcing rar ious diXutions 
of the stook ssXtftisii* Shsss wsrt assd s i asihf as weXX as pre~ 
oipltated with XgX or % | digitonin soXution* fhe ooXour was 
dsreXoped as dasorihed ahove* fig* 7 indioates suoh a standard 
ourre w i ^ ohoXesteroX* !She alnaoiasa iadioates ohoXesteroX in 
aiXXigrama and the ordinate represents the optioaX density at 
320au, in a HiXger Absorptiomster, fh.^ TaXuas of free and totaX 
OhoXesteroX in t e s t materiaX were oaXiherated from the ataiidard 
ounre and ooxsverted to miXXigmm ohoXesteroX par XQQ»%1«, 
^4 
9WPf9 of «aie3.Mt«iNil^  tlm albmimm Ia4li0at«« f » • mQl»Wi%t^l ia sg« 
m^ r99m9i^ tii fvm «lioI««t«rol UMiMg t s i and f^tl <if 10 dliiltoiilii 
was o^ p^ax'ad aM tiM xvaults ax>Q sliown !» tli9 tal^la liaiyurt 
$a1>X« l i t ^elaatavol. (isg p^r aiique^) a4i4«& 1^ t a ^ 
tm^ a]^ aatiwkttft valmsa ara a&owm 
o m — — — K — « * « i i » i - imiiii.iii»»Miiw»—« un«lmmmim»mmmimmmmmmmmi''iil'lmmmitimmmmmmmimm"m niin i •Mimmmii i m iiniiinnminl in»i m. m i IIIIIM»»««»IIIIII—I»MIII—I|I 
fitneat f ith 1 eo fIt^ 3 oa 
BifStaaixi d ig i ta l^ diaitoiilii 
mmmmmmmmtmmmmmmmimimmmhmwmf\«\iimmmmimmmiti i,mmimmmmt*mmmmmmfm»i*mmi>mnmmmmim*K*mm i.niwMwiiiiwwiii—ii—iiiiHin mmmf v\mmmim.mmi,im<m \fnvmimmmmmmmfitimmmmmmltliilt 
o«80 o»xfi oats 
0*30 0«8S 0,99 
1»^ aeaisiaslfatlaiia af digita?siii vara taJsaa ta soa if tha 
<iua2i»l%atl;ra iPtaaraxT of fraa fl^laatai^l waa ajiaui^ to oavaif tlia 
ranga of eiiaJLaat«raX aositaiil in MaX^flaoi flui4at MM£* V^^f^sat and 
3«rua. lr«% wl1t& I j ^ of digitoaiiit *^ « paaarary wgi aaar2y 
aoopXata ^mftU Qt23mg^»lXqmtf wliloti oenrara t&a valtia of 373 «gf( 
fr«a ahoXaatavoX* 2a taiia raaga of f«ia ahoXoataroX, tha vaXiio far 
totaX elioXaataroX of ton vaixl l^ ^onit tlia Uf par Xlalt of oaaTidaaoa 
^aii4 of th9 aaafi^  ijki«f ekXO^Bid saOtt^ "^  or alMira)* ilaoa la mm 
aatlaatlaaat tlio aan^ Xoa waxa ipouckliiaXaf dlXittod to ivlag dona tka 
m 
m 
PROTHROMBIN STANDARD CURVE ONE STAGE 
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o 
o 
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T 1 1 1 r 
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PERCENT PROTHROMBIN 
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§ 
1 
03f 
CO 
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to ftTg*'^ "•TTT r 
10 20 30 50 ICJT 
I>er cent plasna dlluticA 
»U* 9. #|a^.^,. 9mr9 , f^ , |wft*»f1|^ m ti^^l|^f%|ft«|,|f|. 
FIBRINOGEN STANDARD CURVE 
.>7 
80-r 
60-1 
-3. 
E 
o 40H 
to 
d 
6 
2(H 
100 200 300 400 
^ g FIBRINOGEN 
500 
?ii* 10* ffij^# o^ fTi.,.!^  mm jiMm ummmm 
5S 
ooloxlao-lrlo Talue wlthJa the roUatole magot la &1X aoeairo t9w 
tv99 ohoXooltox l^y i jll of dlgitoala was fotiad to ^ a(io<ia«efeo« 
aaft tffo^f oiM a o t ^ ^ i mo f4#i« Sf 9 oaow otrali^t Maeo oa toaUo 
l»^rimmim paport i^eso the alMolaea ladloatoo tao gjmAleat &lliib» 
tloao of pinitasoaai:^ la toot pX^aa aM tho oxdiaato i^ owe the 
oiattlag tlao in 99mTS^m. &« ^alaoo of olattlag txmm wore ealilio-
iratoA la torae of p«fooa6ago p»»*^vo«aiia mwA. tlio aoraal raa^ woo 
v^ e^ oA oat to ^ 1 ^ « 9« lomed pooHod plooao woo mrMtroTlly 
f liiwa ao ooatalalag 100^ pssthroatola* 
l,tllfli |f^ f,l1ff^fitJ^,.,lll ,W^» f il>n:»gon ooafeoato i^ 
plamn. voiv ootlaatoi la aozwol ao well oo la patloato with %$m» • 
4iooxto««« the xttoalto oro lailootod la fablo XXX* 4o It If 
apparoixt from 'Hio ralaeo* thoro wao ao ol#ilf loaat Taarlatloa la 
tho MopootlTo »iaa Talaoe, la Tlow of thle^ oubootaoafe otuftloi 
oa fl^rlao0ia wovo a&t 4oao« fig* 10 i^ owo '^o otai)iai?4 earvo of 
f itelao^Boa MW^BL aliiili'^'ilyi ¥iii> l i l 1 f o''"iii'liiiiiBi' (if tiMa^Us^tma, iMioiNiiiii« 
mow ia tlio fa^]^ Xllf liaro liMa oa3jialk«loA« 
$a}»lo XIXt f lliximgoa ooatoat at plow» la ooali^X Iproap 
aiiA paftloatot fIfaroo la paipoat^oelo lia&loato 
mta%«r of dotfen^aatloao* 
Oaooo Uamn Tolaeo Bongo 
(ag pes' ooat) (ag por oont) 
aoivoJL (19) i iS 280 - 41S 
Olxis^ oolO (S3) 3S7 t<m * 44a 
Xsfootloaa^opatltlo (IS) S43 aS4 * 972 
MMWlWlWWWMOMlOlMWWOlMli^^ Wii—iMMWiiiimwiMlliiMB niii i m i l l i i - m 
59 
iiiliiliiiiiiiiiii'iii^^iili^^iWKlHIittiyyi 
tmtmp Y am rm^ y g a a i l i trl aam fxm 
raorMast* «ia 9l#t«»tlat w&aa pXaana was 
diltitad with 9rotiu'9ailiiii«4«rii8i9iit plaaaa 
di luanli Right hand t i gum ahowa Idia 
p a t t a m nfliazi pXaaaa waa diXntiad with 
f astor ? d.(i£iai»fit diluaistt Ozdiaata 
ladloataa raapaati^a olat tima &t muf^ Xa 
in aaoh eaaa. 
GO 
l a tht 7lg« 11 th« l«f-| aiida ^ tli9 f Igurt ahotM th« pattam w&aa 
Bosaal oltratad pooIaA plana la diX««ad with harltim ^ l^^ta 
adaorltaA pXaaaa aaA pPtfthmaMM. ooqplax la rata Haitian I9ia 
alMMlaaa la f aatar ? alat tin* la aaooi^ a^ (atarsozteaat 1997) wM 
the azdlaata la p!t9tlu?Qa%la tUsa la aaaonla ^ the Qiia«ataga aal^ ad 
&£ Qulolc (1033) oa^lflaA la this la&03?at0X7* 
fha right al<la af the f Igiura ahoira the pattara «^ara mmaX 
alt3NKta& p&ala4 pXaai^  la dlXutad with f aotar ? daf lolaab agad 
(pamduuia^lllA) pliaiiBa and f aator 7 la aada ina^ ta llmltlag. fha 
a^aalasa la f aator V aXot^tlaa la aaoonda (itoxraarkaat 1057) and 
tha aftlaata la prothi*oahla-tlffia la aaeoada aa daaorl^ad abova« 
Whaa ana aai^ as^ aa ^ th the ourrat It appeara that nhaa 
ie0%99 t la rata Usiltliig, hath prothroahla«^lot<»tliM and f aotar 
T«*alat«tlJM are atfaata&t ^ t whaa pvothr@mhiB^osq)l«x (JUS*t 9i!<o« 
thvaaMht f aator TII^ JX and X) la aada rata llisltlagt prothraaaila-
t lata la prlauiri:^ alDwaft 4awa »«t ii»t imn^mf T«««Xat l^m» 
It tharaf era ^paara« '^at f attar f aiid j^othniaMa ara ^ « 
ladap«mdaii^  oalaaular aalltlaa aad taatar f happasa to ha tha 
daadiaia^ t partaar la thalr lafear^ralatad lataraatldna* 
d^erdart ^rothramhla aad f itatar T were aaaagred 1^  taahal^ttaa 
daaarlhid aarllart msA tha iralaaa ara axpraaaad iM, ualta/Kl« 
Ooatral oaaea hara haaa fotiad to hsera Taluaa of IdO t 5 far 
prathroahla aad 92 t 4 ualta/sil for faator ?• la IlTar laralTa» 
CI 
a«at8» pvotkivabljci and fa9tors f aoixlants wor* ooa^arad wi-^i tka 
$a1ila XT I Status «f finitlupoiililii aad faotor V i n liapatio 
A«%iid4 aa& fat ten f ^ t!i« agai i ^ t a a* 
F fo th TOi&l^ lii 
unlta/mX 
Faittor V 
t m l t i / a l 
Slialtakar 
lilT*r Bis«a»« (t i^atad wi-^ 
T i t a a l s K) 
x<lT«r Diaaaa* 
(adt traatad) 
i4.Tair liaaaaa 
(d1iats^ti7«) 
90 
iO 
i7 
100 
u 
£d 
30 
129 
SX 
90 
ISS 
tlia aliova lia&Xa aiiows a finr rapTaaanfeatlTa oasaa IXXustzmV 
ia« thm raMtian si prothrombin aad tmtov ? dontsi^ In diff <iir«2s| 
ooadltlaaa wl-^ tho i r xatpaotiva ahaX«at«r aaatoat as tii« ^i^raaaleii 
of htpat io aaiiiYiti««* 
Saxnal oaaa al»iw8 a TaXua fay aholas'lary 185 wi<^ rospootiT© 
aamaX 9aii^«ii&a df f aotor V ai3il pfothzoablja* Soooitl &&a% lXlu«tmt«t 
a law XlTav aatlTit^Ti a law f aator V ooslent %«t a falFl^ good ps^« 
thr(»>liia aoAtenl as a rasuXt of Titaali»-£ tharapy* &lfd oaoo 
IXXixatvatos low aotliri t ios In alX thre«« Audi tha Xast oaa, a 
aaao of olwtruotiTo dlooaoe oHowiag noraal ohoXaatori and noxmaX 
f aotor V oonto33!& )mt Im protiyroml»in oontontef poaallik}^ boaauao of 
dofootjl^a abaorpitioa of Tltanin»&9 affaoting tlio XoroX of &-«d«^oad«at 
f a t tor XI* 
C2 
COEFFICIENT, r = 0 - 5 2 . 
10 20 30 40 50 60 70 80 90 100 10 20 30 40 50 60 70 80 90 100 
CHOL'ESTER Mg. PERCENT 
?ig* la. diaaraa 9}iGmixuL 9Sltt9* 
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!&is table t^iaa alioiira oXoarlj tliat faotor ? oonttnt aoroa 
aoaai^ Lat iMisralXoX w i ^ tho Urmv aotlTity a« oi^rosaod in torao of 
olioXoator eeiit(oiil« ti^iXo prolS&xoaOiin deoa not aoon to oXoaoXy f oXXov 
tliia paraMt«f» 4a auohi data froa a Xaifftr aorioa of atnAy ^oro D^ en 
•vaaariaoA la ^ « a«ct f Igor* as a aoattar pXotf iXl^a^ratlqg tho 
XaroXs of faator T «#iila]!!b aa a foaotlon of ohoXoOtor ooalaxit, 
OhoXoator ooatoBi liaa a JioraaX vaaga of ISO ^ S4, vliila '^o raagt 
of f aotor T oeatoai ia apparontX;r aovnaX oaaoa la fvo« tO to 110 uaita« 
Aa tho fXgt IS tSAVm$ a]»oat foi of tho TaXiato faXX w i ^ i a two 
paraXXaX Xlaa8| ^mmm aaroM tiMi f Iguza* I f «a oaXouXata lOia ea» 
off laloixl of «03P«tX«lloa oa tkaoa poiala oaXy^ f tho vaXaa aoaaa 
to about fO^t bat UMI orroraXX aoattar^ laeXM&lag ^ a palata abora 
axA baXoa ilM pavaXXaX Xiaoa bring tlM orairaXX ooaff i#lai«l of 
eoyroXatloa to a X^aar TaXtia tliat la 59^, flia toattar •»& bo 
gro«|»adl la f ouip %iiflijraa6at uppar X«tt liaoA %uadraig^  wnasa f asto? t 
la h l# i but oiskoXaat^ r la Xo«» X ^ t Xawar <|tiadra£x« wli^a boiai ava 
Xoa, 7l |^t Xowar qtaalipant wliara faator 7 la Xoa but oHoXootoF la 
h l | ^ aaA XaatXy v l # t appar quadraate ali«pa botH ara wlthla 
aoiaaX Xlnita* 
G4 
&f art ir&m %km mm^w^ of 09aguia1iioa prottiast "^t Wtme 
««lXt «ftxvf on EMUsgr %%h9V s^Hlk^tis pro#fa»B9a« ^ « baaia af 
OdoaBiiljr «api«iraA Itrar funotiaa t«8ta ia tha laberatav^r ia dapi^* 
daat a& ana av otiiaif f uaatioas wMoh thia ari^n pazf oiwit r ia . . 
tt«tai»aliOt dataxia&tiag aiad taearatoryp ami in al i -^aaa iaaataf •%k% 
tataX Hapatia aatlrity ia naaif tatsd* In ajpdar te ao^ara tHa 
aaa^piXalian f aataira anl th»tv atatua in Hr^r ^imH^im^ witu T&ziad 
a»laalE«i ta aoitpr^aii& aa laaali aa povai^ia tHa to«ali% of hapa'tia 
a«tiTi1iy« 3i]%aa aaa pa?| af a2ialaal«xal n^tal»aXiaa, Mka total 
iaral ia %loo& ia t&a dyaamia axpraaaiam of paremlxjasa f uaatioai 
asd ia dafiatat V sataboliaia a^ aararatidm» tha^ ia* total larai 
ia WMQA ia tha vaamitasi (^ tlia rata af ajalliaaia Ta»aua tho rata 
af daatmatioatt l^a ethar partf iilea aatarifiad fraatioa ia tha 
axpvaaaioa af tha aftiaianay of vatiauie«a^atliaXiaX (S«l») i^ rataa 
(Soaiay .f| f | t XSdS) and ia rapraaaafcad % dataxiaatiaa/ooa^uiBtiaa 
aaa]iaaia»i« tekim &XX thoaa ia&o aaoouatt t&a Xivar fuaotio% 
ia ita tetaXity «aa indioatad aa aMaXaatar iadax* i^a fig* X3 aliaaa 
the aadaX af &apa6ia aatiTit^r, 
Mii^ rua & SXiiaak (X959) aiid Bigga a& MaofarXaaa (X9$£) l^ ara 
d«earibad patiaata m%im trvm protiirostbixiHlaf iaias^y ia Xivar 
diaaaaaa« avaa aa Xoir aa Xsaa than 2(¥ with aavora airzbaaia wbiali 
at;^ parta tha authozv f iadinga a^ proti^ rombia Qomj^lm, dafioianoy ia 
oi£Xlioaifl« Xa aaaa of oirxlioaia with aaoiteay tha piatui« of 
d«fiaianiy ia raiy &l»m liaoauaa of tha aa^'arity of diaaaaa* 
1 ^ 
€5 
fig, 13 
MMAMQMM 
mQRmim 
f Of All SMML 
QmXiWmnmi* nmMmuBu 
fSAOSIOS 
i fofAUfr Of HWAfio iumtmn ) 
^ a t th9 &«f ^ ia»©rf i^ iritso, waa eaivaaliad in oaaa of iaf aativa 
Htpatitia with aozKal 9^*^ j»9%9 timt sasus ia»Mmm Wf 
?IX, II anA X fo.a d^^iaiao* .Euawaia j | j ^ i l f S j ) X la aimlioai© 
wi1& aaaitaat the d^ioiaaoy, in vitro wa« oorraat«& with mvamX 
pXaaaa^ t@ Xittla as^ taxily ahawiag thare^ ths^ tha dtf ieiaas^ 
«oalA %« af plaaiaa faotax©* ^ a aiiitMNP^ a pvavi«aa rapart (IStp 
an 0t«Aia8 at p»}thira»Hi2i ant athaap aooalamitdi?© im iiafaatiira 
Hapatitia and aiffirhasia Hart alaa ahoim ^ a t i a iitfa^tira Hapatitia 
factor fll laral got© da«ra, i^iXa %ot)i Ti l aa4 pml^zosbiii ava 
iaw ia aisxtieaia with aaaitaa* fimstt vaatilta a«z^ with tha 
rapaziia of Eapapart Cl9do) whaxaia ha haa aha^ m that proaaoraxtia 
ai^ Stuart taotor f a l l nax^adJy ia hapataaalluXar Siaaaaa, oftaa 
to tha Xm^U far lialaw iO^ iaraia. 
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4' 
NORMAL LIVER 
CHOCESTER . LOW 
FACTOR V : NORMAL 
i"** CHOC4.*. .k : NORMAL 
FACTOR V : LOW 
CHOCESTER : LOW 
FACTOR V :LOW 
d«pl<st0 4«g«atfralioxi aaft piAlc uliadt r«» 
pr«89ats li«al.wi^f*»»3ratlm* In9«l! 
diagram I21 tliA l ^ t liaad e#»Mir r< i^!*»8«itl(« 
four t^>ai&7i^* ^ '^^ soatt^f asdoipdlng 
-lo pdsaitele iproixpa of eaaoa (diaouaatd 
in iffct)* 
67 
$9%it9%i9n 9t Q&»99 Illu8tvatt4 la f lf« 12 wa« rai^oa aaA 
t2i« 9r«iralX 99«»«ff ioi««t of aorrolatloa was of the ofiA«r of 0«92« 
mo ooaliNirrojrsiaX far«o of mo ooattor oro f l a t l y t mo X^t ij^ poy 
^tioAittol, wiMvo tilt oiaiolootor ooatoot lo low ¥ut f aetor Y ooatioal 
lo hX^gik onl oooonAajTi t ^ xiglit lowor (^ aodraatt wiiont f aotov Y io 
Xow tott^ Qliolootor io aoraal* flioso a,pp$at9n% dioossfomioo oouM Ho 
liooottoo ^ aziar oao of mo two rooaoiat first3^, tho okolostor aaA 
footosr Y lorol oay aot follow tlio oaao oottiomo in tho oourso of 
tlio liYor daoagof t&o dosi^agemat of ohoiootor aot&ljolisra aiE^  api^ oor 
oarl^ Mil FoooTor oarljr wtiiio footer Y dofioioaEir wiy appoar i«io 
asA rotoror lato or SMM "^ ^^ f^ * 8oeoai:^t oollalor oloaoato iarolTii 
ia Hio Aotomlaatioa of olkol»8tor iaAtK wmf not eXoaol^ r ororlop mo 
i^atiai aas^iag fii fsotorY o^atliosiB ia iiirer, as auohf tho 
oozvoXatioa tiotwoa tlioso two f\2aotioas im tho oarl^t ^^  mo v^mtspf 
plioso of tlio Aaamo aay z»t bo as oleao as i t io oxpsotod ia mo 
"pook** iHooo of mo iiooaoo« 
f i«* i4 Mgr oOHoaatioaXly 03^ X0!% Iiow mooo aaoaaXioo ooaM 
poooiblir Oo ratioaaXjMiod* If w« aooopt as dopioted at mo top of 
mo f icuro tHat tbo opatiaX diotritaitioa of ohoXsetor f ozmatioa 
io mo totaX f uaetioa of mo Xiror aad f aotor Y oiromoflio io a 
f raotioaaX o<Mimit!!i»al of mo part of Xirort thoa wim iafoetioue 
iiopatitiSy iivoXroamt of ohoXootor f oraatioa io Xilral^  to bo 
aff ootod oarXior maa mo dsraagw&oat of factor Y oyatlioalo, 3uoli 
oasoo wim oar3y oannilroao wiXX faXX ia tiio iot quaftrant of ths 
<*2aoot diagram"* As mo diosaoo progrooes8« waoXo of Xivar is 
aff ootod BXiA bom tlio raXaso boooao Xow* Suoii oasoo wsuM f aXX 
ia qaadraiit II« With IbisaXiagf appareoiXy^ mo ohoXsstor foxwatioa 
G§ 
wiU t t a r t im^vwij&g «ar l i«r aiwi ««oh oases wiU f a l l i a «i« 11114 
quaArantt tet If u l t iaa toly dagsaorat^o oiiasgos talea plaoa affaot* 
lag the iisi^atlo naast i t i« lUcol^ tliat mmh eaaaa w i n r s r a r t liasie 
t o %tiiblraat ZI* Witli ooi^lsta rmwvf^ tha aoraal f%Qg»a ajpo 
rofaiaod as in qiaadraixt 27, 
W)i«a ws ooii^ra the brsa^tap of th9 data in tsrma of 
o l i a ioa l Sia^aoslSi f aotor Y assa^y soaos to bo a Taluabla g\il4a 
fo r tao follow up of l iva r diaaasos* ObstmotlTo diaordaxw of 
Ijbror daprass protii^pombia ooataal bat oot f aotor T« Viral hapat i t is 
affoots botiif b»t faotor V i s alow to rooovar - not boiag iaflooaosd 
by T i t a n s K^^tamm* ^^ olrrlioaia, f aotor T ia ooaaistoatly X«Wt 
kecriag a parallsliaai witii sorority of disaaso* ? a o t o r ? thus 
appaara t o bo a arara i a t l aa to iadioator of hopatio ]i,oalth and^  oaa 
possib^i^ bo oapl^od for a ba t ta r assosssoat of r i r a l b spa t i t i s • 
i t s raraissioa* rolsfsas asd ooi^lioatioat "Bia routlaa in ras t i i s t ioa 
of f aotor T i a tispatio disorAaro asgr ^row sons l l # i t oa ths of t«-
suspsotsd Tiaw th&t oirilioais of l ivar ia possibly a oos^lioatiag 
ssqLuaXso of T i ra l i i t pa t i t i s , ^mt daf i e i aa i f of f aotor T i s <^taa 
asaooiatad wi '^ oirziiosio i3al»s auob a ooajooturs a probable 
real i ty* 
C.9 
»M^ T *a A MoijauiAa smin urn a s aom u ookmimxion 
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Im 1943, a i^r«riot»l3r uaA^orl^td ooaguXatioa faotort was 
o1i»«ZT«d and t«zm«4 li^ Owrsn as V&m '*fi£th soaguXatlon f aotor** or 
faotor f» faotor f^hm iSnoM^kt^ i s xisosssafijr for tk« ooororsioa 
of pTQihrnmliia to t^roabin* a ^ mo ra«« of tu ia roaotioa laoroasos 
wxth aaousls of fas te r V ve^to a oortola liMi«« hmk of tu i s faotori 
4os«niMl ^ O«rroii (X944)y proiuoea a typo of hoisorx^agio diat&osiSf 
tonwd as '*Faraho»opiiiXia*'« I t i s a f aailiaX dlsordor of 1»lood do» 
ai^Uatioii* The daf ifiiant faotor in ths pXasim of tl^e aff sotod 
ManlMrs of tho f ajsil^r appears t o lis idsn t lea l in i t s l>«hariot2r with 
ths f a t t ^ f dsaoribod ^ Owrtn as proaoooXsrin (1943| I9SX), \A&k 
(1943} deoari^ad i t as tha XabiXa fastor* Wars and Soagors (X94f) 
oaXXad i t as aoo«Xarator»gXol)^in* Hoaorato (X94?) oalXod i t aa 
pXasaati^^aofastor to throaliopXaat la« FaalX aad Sams (X94S) 
oaXlsd i t as ^^s non^retliroabin pXasaa faatori aoosXoratiag tb» 
ToXeoity of frotiiron%in«ooararsioa« Aaotltar t s r » ^FXasaa Fro* 
tiiroffltoin Gonrsrsiom AooaXorator (FF@^) was inferodusod %y Stafaaiiii 
(X9SE)» 
AXaaeualar ^ @oMatsin (Xi@E) aXso raeogniasd tUs iastortanBs 
of pXasaa and sarum oonatitiaanta in tlis oonrarslon of prot^irombin 
to thxonM^ ^ 0 ralationt&ip liotwssn ^ a numozous a n l i t i s s df»* 
eribsd 1B^ aeny o^asarrsrs was tiXX then o1»aonre* Hapid thrombin 
foraation raquiras the so oaXXsd "XabiXs faotor (£!')'*, doterioration 
of v^ioii axplaiaa the ratazded prothroabia oonreraion of ag«d 
pXaaaii (AXaxaadar % Cloldateint Xoo« oit>« fantX and laaoe (3^48) 
and fare a | ^ t (X947) also hare destovatrated ^ e existsaos of n o ^ 
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prothroaOiia pXaaaa faotoara whloih aff aat the Talaolt^ of pro^saiibla 
aoanraraieisu ^yleaa and aaaoeiataa (1943) hm9 daaorltetd A06 daflaldasf 
In axjptriiasatal}^ isduoad Hver j^iaoadLn^* Alas;ai9Aa7 anA QoHataia 
(1950) foiiai A03 ami laMla f aator &af iaianajr in a«rai?a liapatla 
diaaaaa in nasw Slfflllarly Owro i (1947) praaaatod aa asliauali'ra 
e l i a i a a l and laboratarj atudy of a patlant oongafdtaXl^' d^ l s ia i i t 
i a a pla»»a oonatitueiit aaaaatlal f a r rapl^ thromliiii t&rm^tlo&f 
waiah h9 hsA originally taroad **f aator T** ai30l l a t a r ranaaad "pro*-
aaoalaria'* aM taa HasiorrJiaglo t i a t l a a l a t aaaooiatad witM tk i a 
tafa9t waa terami^ ^parahampaiHa'' baoauaa tHa alairatad Of** aistuiataA 
t&at o^awad l a aa®0plilli«a« AMltioaal oaaaa had baaa raportad 
hy da Vriaa jit j ^ ( 10 i l ) . 
Xt la h l ^ l ^ tmllkaly tha t tbaaa aa t l t l t a a rapraaanl diffarants 
aulMPtaiiaaa* I t la i»»ra xoaaoaalila that thay ara Idantioal or 
oloaaly ralatad asad tliat x^por t^ aiffaranDaa ara oal^ diffaraasaa 
dua to taahalquaa &i mtv&f aad tim Inlarpratatlona* 
H|ort l a 190^ aa^ra tliat proaaaalarliit a aaooad **aiiaaaaar3r 
f aotor" l a axtrlaalo o la t t l ag af^atast la a gXobtilla praaant l a traoa 
aiBO\iala l a aDraal plaaaa. I t l a alli^tl^r or aot adaor^ad at a l l to 
laorgaalo aalta* Salts f l l t r a t l o a doaa m% radnoa Ita eoaoautratloa 
l a plaaffla« I t la lablla oa a t o r a ^ aad ooadltlox^ of atoraga 
graatXy Inf luasea tlsa rata of datarioratloxi* I t la aomiuiaad durlag 
ooagulatioa slaoa lew ooaaaatratloiw ara £QMS& l a aortxa a f aw lioui* 
a f t a r olottlag* I t la praolpltatad ^ waalc aoMa at pH 5,0-d.9 and 
alao bsr a^iaoalua auli^ata to ttia aaturat loa of 30»5(^« I t la aot 
'TO 
* ** 
dijrf«s«m«)» l a tii«»« pirop«rtioo (Ejortt 1957} • 
J a r l i a r , oost authors ^li«fr«d m&% pjroaoQtXei^lii i s a sinfl* 
«uli0taao«i %ttl lflBr«9tigatlo2ia wHth S0l9o%lv« adsorbsi:i^» led 3or%« 
§% 1^ (1951) to ooaoliidt tliat proaooolorin i s a 9oapl«ic imieh is 
bui l t tJ^  by ssrspal ooispoiiants* Cliaioians agrsa th«it proaooslsifiii 
i s aaosssary for aorsml hsmostaiis and ssroral oases of oongsnital 
dsfioisitoy of pToaooslsrlA lisnrs bssn publiidisd* Aoooxding to 
Sn^ lDi mA laoo\iglia (1955), ons of patieisfes diod froia iisBiorxliags 
dus to proaooslerin d«f ioisaoy. Mooxding to Hjor t ' s rsport (199|)« 
th* pat isnts hars gsxiorally, proloagsd wholo blood olot t log tisis, 
r toaloif i sa t ion tinw* ospltalin tlai«» thromboplaatia t i a t , abaomal 
protb^roabin ooaaui^tloa aivl tiuromboplastla geflsratlon* Othsr s lot* 
t ing fastors ars aoraai sxoopt two oasss Mors bssa aroiKirtsd wiiert 
aixtinsaopiillio f aetor A i s rsduosd (Usri j | | ^ t 1984) • 
4o^uir«d daf ioisnoy i n f aotor f i s not so oommoa as tlio 
aoquirsd d«tioi«ii9j of proooixrortin and prothrombin* Diff oroiit 
dissasss Slay laad to 'l^is d«f ioioaoy* On ths basis of thoss 
obaorratioast i t i s sr idsat t ha t proao^slarlh i s asoossar^ for 
physiologioal o lo t t ing. As opposod to proeoarsrtin^ proaooslsria 
i s asossoax^ for both sxt r i ss io aiid i a t r i a s io systsms (Hjortt los> 
) . 
Brink mad Kiagslsy (1992) bol i s rs that f aotor T, as dos* 
oribsd by Owrsa l a h is pat isat with hsmorxhags and tho ^ f so tod 
»sa%«rs «f tha f a s l l ^ i appsars to ^s Idsst loal in i t s b«iliaerl9iup 
wltti tiis fastor ds8S3ribs4 as l ab i l s fas tor hy QulQk (X943), 
AsglobuXia fe^ Sstgi^ps J ^ » SM** ^ ^ pXasaatlo oofaator to tliromlio-
pXastia ^ aoasrato (1047)» 3tofa»lia,*s plasraa^protiiToabia 
soiirsvsloik^aatdr* 'Sim aot ioa of ttiis f vaotloa l a th9 f oraatioa 
of protiuroal»i2i hsa basn th« subjoot of somo dlsagrssiasxxl* Quisle 
(X04ij ^XisfTsd tHat tHa faetox' i s XxidsspsMiblo for thm foraatioa 
of t^ apoa1»i]|.» whsraas Ssogors (1043) ^ l l s r s d that tks faotor i s aa 
aossisipator« Protlftrostbiiit aooorAajig to Saagors i s oapable of foi?9-
iag tiupoabin by itasJLf, but wi l l oal^r do so at a mmh slowsr ra t s 
in l^s abssnos of Ao«>globuli% oalsiua, or tlxrcMboplaatin, As 
vspsrtsd bsr Brisk and Kingslsy (105B) m t :imts of diaappsaraaos 
i,tk rtro of dafieiant faotor was iiadaposidsiat of hamorxliago whan 
suppliad b^ traaifuaioa* fhis obsorration would support ths rXm 
tha t tho faotor aats as a oatalyst* fhrosibin-^^oraation f rc^ m a 
aonaal t^aixtit^r of prothrombin i s aooslaratsd by tha plaaoa of 
dOOal of blood stiff Idiantly to oontrol hs8iorxliags« I t appsars also 
that th« off s e t i r s thsrapstxlio I s r s l i n tartas of protharombin-titts 
i s in tha rmkg* of IS3 aaooadSf whan othar asoasaary f aotors lika 
oal9ium« p la ta l a t s and f ibriJioisn wsra parasaat in normal aaounts* 
Oaaa hiatory of a pati«£E6 with thrsa mwtbora of fas t i^ 
doaeribsd )^ Srlak A l in^slay (IfSE) showsd ths hsroditary naturs 
of tha dafsot* I t was auggasts^ that tha blooding taiidonoy was 
iiiioritad aith€kr tOirou^i a rsoasoivs gana or t h r o u ^ a dominanl 
gsns with poor ponstimaos, fha d«fji^iant factor in tha ooagulation 
^4 
aMiiaiiisa of t&a99 pa t l^ i t s was assodiatsd with p7oliiirD»liljEH 
atlilvatidii* m t dtkiliilvta 9f th9 aff 99ted iM^iriAmX»f ^ o u ^ 
wl^iottt 6fw^t&aiBf W9f9 *hamn to }xm9 a ialM ooagtalatloa dsfaot 
9f "ttia aaffla typ9« Oth^r f astoxs QQtm^rmA in blood ooaguXatioa* 
93At9l9t9f oaIal«% ai]^ flb3r£iiog9ii «9iw iiofmal« 'SkQ dafiaisxi^ 
was x^X90t94 l a tlia proXongatloa of pTOl^ urombin tiaio as astloatod 
by Qulo]E*» oxM 9tag9 mothod (3Li43)t IspsriaQatal afidama im pro* 
4u99d sliewiag l^at t&a patleB^*9 pXasna oontaimad a noxisal eoasaiil** 
imtistt of firothrosblji, btxl t&o labi la faotor of Qulolc (1943), A0@ 
of 399i9XO (X^7) 03? f aotor Y/proaooolaria of Owron (M47) was 
lagldiig* A tlio3K>u#i steady on a oaso of B& ^iixaoubtodl^ aistilar 
dofiolsaoy was roporlst by Owran (1947)* Xm t h i s patlant* tho 
ooolitioiL AiA mt mppmap harsdltaz^, but Xator raporto ^ fraalEi 
BiiHaa afld Itcxwn (IStSQ) ai^ da VrieSt ilatom and ^maoir ixmx) 
boar out tii« JOiorsditai^ aaturo of tHo eonditioa* 
frosb pXasaa lias boon fotaid t&ozQ^otxIioally off ootiro in 
oontvoXli^ tli9 li9iso£Xiiag98 in paarahoaioi^iXia* fho al toratioas 
i n protiixoabiiiotias woiro ooat '^^ fod di«riag hwi^rxtiago and v&an no 
bl.99diBg was takiae pl.ao9 aft ox* tiransf i«Bioii»« froa t^o r9S\atSy 
i t was oonfiltidod tHat ths d9f ioioist f aotor aotod l iko a oataljrat 
and not as a substamo uasd v^ dtiFlng elot^fonsation* 
Obsoxratioiis wars iRads on tho off90t (^ Yitaiain K, px^taains 
sulphata ani aisinoidiylXiiio on tho lor91 of tlio labi lo f aotor in 
pXaaiaa but no regular pa t tom of f lustuatlon oould bo dotaotod 
with any of tbioaa substanoos i n tho Qoura9 of days or wooJss 
(Brisk and KiMm^* id9a)» 
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Sliojre was a groat diaagroomoni as ro^^s tlis iwo&aaiss of 
aotion 9£ faotor ? {Qmimtk X947>« fantls ai»i lamo {l$4A) Miowod 
that ^imm99lmvt& laflutnios ^tli t&o spo^ and yloM of -mroabin* 
f ornakion and tUM was ooof iratd % ^aro j i j | | (X947)» liowis aad 
forgttson (X»ST)» HvdMk aM stofauial (X950), AXoxandor aad 
doadstoin (X93S) aod Sigga aiid Maofarlans <19d3)« mo aain points 
of disagroostont woa?o wkotliar or not thrombin o%n bo f oraod in tho 
abssnos of proaoooX«rin« aisd sooosd^ari dots proaooolorin aot 
stdiahioB«trioaX3^ or oatalytloal27« Owron (1947) doaonstratod 
that f astor T toelc part in tbo d«*rolopmonl e£ nm aotivity during 
ooagnlafeion and ho toraod i t as f aotor ?X« Ware j | | j ^ in 1947 
dissoivorod 13iat thrombin aotiTatos pXasaa Asa, (proaoeoXorin) to 
a ntiBh aoro aotiTO form sorua aooolorator globulin (aoooXtrin)* 
Ano'^ or ooatroTorsiaX point uras thsaity if thrombin ia tho ^tysioXogi" 
oaX aoti'rator, than how was thrombin f oraed f irat? fha oruoiaX 
point i s ths raXatiomhip batwaan **pXasaa Aa«gXobuXin** and 
**san8B Ao«^ XobuXin'** Aoooxding to A^^ara and Saafsrs (Xi4d)i plasaa 
Ao*gXobaXin is raXativaJi^  inort praoiiraor of aarua Ao*gXobuXin to 
whioh i t i s ooorartad br throabi% 0i9}3r9A duUng tha ooaguXation 
prooaaa. fha oonrarsion oan aXso ba iadnoad bQf tha addition of 
throabin to whoXa pXasaa or to purif lad pXaffi^  Ao^XobuXin 
(faro j | ^ f X047)« It is obaorrad aXso br AXaxandar and 
6oXdatain (X93S) that whan throabin was addad to whola noraaX or 
barilla auXphsta noraal pXasaa whioh oontains f uXX aaoiant of XabiXa 
f aotor (l*«f*) aad pXasaa Ao-gXobuXin aottrity, i t aarlcad}^ in» 
oiraaaad XabiXa faetor or Ao^ gXobuXin aotiTitjr. It was inlaraating 
to ooi^ s»^ ra tha affasts of adding throabin to parahaaoi^iXlo pXasaa 
{kX9wmAmp aid aoia^sMiai 195S)« hooonAingl^ human tlirom!ii3i wm 
aSA9& to fWpaaMim^iXi» pXasaa SksA to mvwml plasaa. Sa« Msiat iag 
f l^s la was vtflieroclf tlit a^^eraata tvom emefk was addad af tar Tavia^la 
i a t a i r a l s of t i a a t o agod plaaisa and tha frotliromblii^tiats of tha 
alztuzva was* dataffiniiitd* ma tM3?oa)»iiii«tFaatad aoraial pXasaa Imd 
a algntrioajadly graatar raotoamtlTa ^ f aot on agad plaaia& than did 
tha noraal plaaaa aloaa* In oo»trastt tha affaot of thromlsiar* 
tvaadad pmmhmm&j^Xlio pXasma was praoti9&13^ tha aasia aa i t s 
voilToatad oonlroX* lonaaX pXmmm iikawiaa had a olot-proaotiog 
off sot oa pajjahaaophilia pXmrn^ 
4oooxdiii£ to W9t.9^ sk A (X943}t Ao-glolomlin daoraasas as 
mush as QOf^ aar3y in tha ooursa of diotiaax^l thdz^p^t aul»aaqtiast3|' 
ratuvniaf to aoraaXf doapita oooliiiimtioa of tha drug* Quiok 1^  
3tafaziliii (X949), M«m&i3&.9T and OoMstain CX95S) fomd m ohaagt 
i a XahiXa f aotor ast i i r i t r i a dioixiavoX thampy* Hssa asid his 
ooXXaagoas (X947) srspoFtsd a daosaasa i a "Ooararsioa of prothroa^Sa 
to thromliia** i a addition to prothroaMaopsnia, whieh thay a t t f i ^ ^ a d 
to a daoTaasa i a ^oothroahopXastia'* (X9SX)« ihoXa or adaorhad 
pXasraa from diouaiaifol^traatad pat iaat was aqtiaXXy affaotirs i a 
ragard to i t s ahiXity to xaotSf^ tha d ^ a o t s ia parahaaophiXia, 
Sithar of thaaa aXao raotif isd tha daf aot i a agad aomaX pXasaat 
agaia auppoxtiog tha ooailuaioa that almoraaXitiae ia pari&aaiophiXio 
pXasiaa aad ia agod aonaaX pXa»aa ar« Xilca3^ to ha idaalioaX 
(AXasaxidar aiil SoX&staiai 3^o» o,4f•) > 
iimiXar iisraatigatioas wars o a r r i ^ out; oa a pat iaat TooaiTiag 
tha prothrofthiaopaiiia iaditoiag dnig, ^aiirXiadaaadio^ (AXexaadaif 
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a.M doHftttln X9o2)t ^ alHsoriaaUty of aoottlorator glo^tLUa msm 
o)i3«rr94 %& auoli pXaaaa v i i i ^ was fully oapatiXa ^ ra^lili^iag m« 
&of«o1t of pariOi^iaop^ilid pXatoa aa wall aa *eiscl of ag^a i^xiaal 
plaaaa* l^at s^ aali plaataa haa tlia noroal amoimt of Ao«flo%ullii waa 
twei^%T Q&tiiXTmtA '^ ^ a oliaexvatloaa of B|aslc»luiil ( I t a t ) . 
AlaaEaadar (1951) V9p&r%9d. that plasma eoagaiJdtally d a f i a i ^ ^ l a 
f aetor VIX aouM raatify tlie <i«fsat of pai^aliaiaophllia plaaoa, ^ t s 
s^ows a aiatiaotlTa diff araaoa batwssn 3F04 (f aotor 7X1) sa& As* 
gla1>aliA (fastor V)« d^ OA ssaaad to aoe^ltrato protturomlilii* 
aoarsapslom la noraali paraas i io^l l io , thromteoi^topsaio y and hypo* 
pretharottblxisalo blood hvs^ i t mm r s la t lTs l^ la^r t oa agsd plasaa 
l a Tdiloli Aa«globulia he& largal^ dstsrioratsd* I t had heea aoaaludad 
alao that ifOA oould iiot suhataatial3^ laf iusaoa thromhia f oraatioa, 
whsa Ad-filobulla wfiua £lMaat« £ht lo^ortaaoa of piuiifisd i^QA 
(Alsxafldsiri IMM) oa tha d«f sat l a paraha^aoi^illa ooaflraia -^la* 
nm9f9Tt whaa siiacad with parahasN»phillo plaaiaa to whioh harlim 
aulphata tvaatsd aoirmal plasma was addad^ UfQk l ^ s r a d ^ s pro* 
thPoailiia t i » s msak9&.^9 «^6f ai3d hla oollsagvisa poiatsd out ^ a l 
aasaivs doass of Titaiain K m i ^ t oooasioaalla^ ras tors tha pzothroa^ia 
tlms la ^idiopathlo hrpoprothroaihiasiBiA'^ a l ^ o u i ^ tha pasahviiephilis 
pat isa t ahowsd ao im^ror^n^tA followisf protrastad tvsatn^i t srsa 
with mass 170 do8<Mi s l t ha r l a plaaaa prothromhla or l a 4o6 ooaos^* 
ratios* Clot pros^tiag affoot, l a paraht^aophlHoa, of aoz^aal blood 
or plasaa was olsarly ahowa la Owr«a»s or iginal oaaa (Owrea, 1947) 
wlt^ia two hours f f Ivo huadr«4 ml of fro ah a l t rat ad blood wsx« 
laf\»sd Into parahamophlllo pat laat sad obaaiiratioas laads oa ths 
blsadlag tlaisi o lo t t iag tlma anl prathroabla tlais, AoG aotlTlty aad 
rs^y 
prothroabiu ooanuiq^tiQa* fho prothroabta mA Ae^glolmXiii aotiTil^ 
of tilt iBfuaod bXo^t d«t«riala«d bsfors lafuaioii, wtf« mratal* I t s 
plasiaa^ iwr»07«]r» wi« 4«aKMftatx t^«d to )isr« swot i f y i ^ «ff«at out ^ o 
patl«acl*« bldod in iritro* fmaofualoa iiiiitae«d a proapt aad taijt^ 
waU «iMita3a«i drop ijn pFothrQmhiMt'tXmt ^spror%m&m i a protlin>abiA« 
•oiir«r»ioa and protlLi»ial»ii»-a0iisuis^tlom wa« also «f id«zg| (0wr«at 
1st* lHa)* 
Storaai^ait (1057) and Hjort (2J57} also at th9 sarao t l a* 
iiid9pttad«nt2^ and Hussaia ^ a | t (1963! F9part«d that pXasaa f aetar f 
vat aotlYatsd b^ r throabizi* In eplt« of tlie oarXi^r a«23,tl9a«d 
«firldaaoo«t th« aet ivat ioa of fmt&r 7 liaa not b99a g9a9raXly 
aoQ9pt9d 8» a signif ioant stop in tho ooagnl^loa proooaa* 
Bori^iagoX and Iougi9 (1996p 3^90, 1064) alao ropartod mat 
i n i t i a l as t lva t ioa of faotor V «a« offoatod by oalolun, i&ospballpid 
ajad f aotor X, rather than bar thro@biii« azid that throstbiit i s aoodod 
for -^9 aoarar t iaa af proaooalorin to aooolorla aiad for throabo«» 
p las t in goasratioa* f&io i s l a agr99a9nt witli tb9 findings of 
£»mv£ <» i i l l i a i s i {2MB)* Mmv£ (1993) snowod that r9iiOfi»»protsia 
r9adt9d with f aotor ^ apooif ioalJi^ and aotiratod to aa aotlTo 
ooagulaat (isnoitft 1962) and t h i s aotiratod factor X had no diroot 
9ff90t oa f Ibrj j^gia or prothroabia* lisa?arlana (19S1) doaioastratad 
tho ooiirorsloa of prothrombia ia to thxoabia ^ aotiratod f ootor X^  
]^osphollpld, oalsitia-ioas skiA f aotor T« 
Obsorrations <m 4eS f^m that parshomoi&ilia i s Ami to a 
d la t iaot olot t lng doraag^mant whioh 8i{salat9s hypoprothroabiaaaiA 
oliaioalSy and l a aan^ laborator^r aspoots dospits ths f aot ^ a t 
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prothrombla-eoacentrat ion may be normal or a t l e a s t not auff i«lent3y 
rftdused to adoounfe f o r the hemorrtiagio phenomana, fhia diaordar 
oan b« Qongenitali o r ao^iiirad, ha r ing baan obsaryad a lso i n 
l i v e r diaaasoy soa r l a t f aver and leukemia. 
Oer ta in d e f i n i t i v e oonolusiona a re warranted oonoerning the 
e m i t y involred in t h e pathogenesia of parahofflophilia* fhare oan 
m> longer be any doubt t h a t plaaaa Aoa (Ware 9^ a l t 1947) l a b i l e 
f ao to r (Quiokt 1943), fao tor Y and proaooeler in (Owrem 1947) and 
the fao tor of i ' an t l and Hanoe (1946) a re i d e n t i o a l , oona t i tu t ing 
one ooxii|>onant eaaen t i a l fo r the rap id , phyaiologioal oonveraien of 
prothrombin t o thrombin* Xta oonoentrat ion i s lauoh h i ^ e r in bovine, 
dog and rabb i t plasma than i n man, (tfuridiy a t a l l 1947, 1943), fhe 
oOB^onent i a r e l a t i v e l y l a b i l e , Aooording t o Seegers (1962) i t 
ooouirs i n wiat speoiaa i n t h i s order , Dog> oow> rabbi t / ' oat / ' 
r a t ^ g u i a e a p i g ^ man, d e t e r i o r a t i n g more rapid ly in the abaenoe of 
oaloiuBU I t ia wore l a b i l e in oxalated than in o i t ra ted plasasa. 
(3toraorkent 1957), I t i a extremely l a b i l e in the pi^aenoe of 
thrombin (Alexander and Goldateint 1952), I t i a not abaorbed by 
barium s i i l ]^a t« , barium oarbonate, oaloium phoaphate (Alexander and 
&oldateint 1952) but i t i s adsorbwi by aliMinium hydroxide and 
pa r t ly by magneaiiim l^d3K>xide and Seitz f i l t e r s (Alexander and 
Goldsteini loo.. e i t « ) . fha p r inc ip l e i n plasma (plasma AoGr) i s 
oonvarted under the influenoe of thrombin to a more aot ive form, 
serum AoS (Ware, Murphy & Seegersi 1947) or f ao to r VI or aooeler in 
whioh i s f a r more l a b i l e . The ohaage from plasma AoG to serum 4o(J 
i s a funct ion of thrombin. Serum AoG rapidly disappears from c l o t -
so 
tisfi hmmm mA eaaniaa blood, th& aara btdooiag daroid at i t wlt&ia 
aa liour af ter ooagvOalioa (AX«xazid«rt X931)« Ao»glo1itaiA praoipitatM 
tvQm plaaaa w l ^ tlia glaliuliaa a t a pH of 3«3 (approx) aad la fouad 
p9«poad«r«at2ar iA Ot^ m f raotlon I I and I I I of plaaaa (Stifgaaori 1931)« 
Sti^iaa of ^Olaui^^zy mA iaagara (1930) witli ]*9gard to tlio 
dyaii^loa (^ '^roxBMiiHilaltoratloa h«r9 raroal«l that 4o-globulln msA 
prothrottbSa aot In a ooi^Hmastar^ maanari raduotlon In al thar 
ratazda ^ roa^ in f ozonation to tli® a ant dagroa* Moraonrari during 
apoatamoma aoaguXation* Ad*glob»llii dlaappaara la ra la t lon to 
aaoiuil ant/or ra lool ty of protlUH^abln oonraralon to throtsHa 
(4Xa3ca»l#3M 1931) • flitaa faota au«;ga8t tl^at Ao~glo1»ullii aixKars lute 
the veaotloa aa a jreal part loi^aat rathef thaa a aera oata^yat aotiag 
outalda tiia tiiroablh - forming ^atem ^gf j g . fhla rtm^ harnvfrn^ 
la o ^ a to 4ou!»t eliausa daaplte 3aagllgil»la AoS-^otirltyi protiaroatiB>la 
ooareraloA l a pari^aw^jaiiiitc^y^lasiia during ooagiaXatlon, a l t hou^ 
retarded, oaa prooeed Tlr tua l l^ t o oos^latloa proTldtd auff lo l^ i t 
time la aUoifed (Alaacander azid Ckildatelnt 193a)« mi9 la l a agree* 
aaat with the fladiage of de Trl ta j ; | j | , ( I t S l ) . Moraovar, prothroaMh 
oonrereloh la also ooaipXete upoh raoale l f iea t l sa l a agad plaaaa 
whl«^ la praotloally devoid of Ao0 aatlTlt?* 
I t ia u a l l k e ^ , therefore, that Ao@ aafsera the reaotioa 
atoiohloaetrloallyf aa lat;erpretatloa ahloh la not la agraaaeal 
wlt^ Qulok aM a t ^ a a l a l (1949)* Soaa aeohaalaa oihar thaa aoleeular 
ooaBuaptloa of &o»gXol»ulla isast therefore he larolyed to expljila 
the dlaappeazuaoe of 406 during ooagulatloa* I t oaaaot be ralatiikl 
dlreotlQr to the eooreraioa of f ihriaogea to f Ihr lo , ainee Ao& dla» 
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appoara at a aoxmaX a?ate from froahly shod imoagulabXa atiliriao* 
gamattia %Xood (AlasA^art X99X), 
ll»at Xi2ea3ar i^^gXobialia is daatrsgrad lay ^ a tiiroabi% w&ieli 
ia aroXTad i a tha prooaaa (iar® ^ ;^9agora t X94$) or i t apoataaaoua^ 
dataxlorataa xmgiAlg aa a oo£»a(|uonoa of i t a groat or XablUty of t a r 
i t io ooarortad to aarua Ao-^gloliuliaHtorm ^ throtabia* Aooor&iag to 
Jjaaoi&aistin and t^ara* (X9d3)| aono protaoi^tio oXo^raga taka pXaoa 
raaitXtlng ia i t a aotiratloA BM tha uXtiaato Xoao of i t a aotiri ty* 
fk* ao^^Xata oonrarsioa of prothroaMa to thrombin i a tha aponta* 
aao^uSy oXattiag par^an^phiXio Mood was tovsoA to ba aoswwhat at 
Tariaaoa with ^ a rata of ooixraraion aiad tHrombin r^ioXd obtainad 
i a l&a iaoXatad t«o«^taga eorataai* A daf ia i ta amwor to aXX tiiaoa 
poiJSta wouXd airait t^a isoXAlioa and tba oliaraotariaation of f aator 7 
i a hooogaaoaa ttstm* 
atorad pXaaaa aa a u ^ t r a t a i a oaa ataga natliody whara f aator Y waa 
daff ia iaat aad aXX atliar f aatora wara pr^mmti/i i a aoraaX ooaoaaira* 
tioaa* Owraa (i947) vm9& iaoXatad raagaata for i t a a^m&f i a oaa* 
ataga aystaa* Wara and aoagaara (X943) aaaii^ad pXaaaa and aarua 
aeoaXarater gXatraXia ^ two<«ataga ayataa witl^ iaoXatad raagaata* 
'Bi9 as^od of Oarteor miA i a r n t r (X950) with aod^a t ioa waa usad 
for tlia aaaagr* 
Aaa (X952} uaod pXaaaa from Owraa*a patioat with ooagenitaX 
dafioiaas^r of f aator Y* Saaffia^ i and Owraa (X9di) asad a aorsiaX 
pXaaaa adaorbad with aaoXaatiai a oonmaroiaX praparatioa of aoybaaa 
Xaaithla <» whiah apaoif ioaXlar biada proaoaaXaria aad raaenraa i t 
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•eXeotiToIr ttader oonelrolled oonditioas. HJort {X9S?) repoi?ted 
the use of psreaooeXorliiK^ef ioieat stored ©xalated hmmn pXasiw 
l a ofM^stagt^-system* Stoxvorkea (X9S?) desorilidd an assay^^syotes 
^ f SAter T ty a r t i f l e ia l ly prepailag f aotor V-def ioieHt par»-
hoaophiXio plasaa as substrate, fhis reagent was prepared by 
iaoubatien of aoraal oxaXated pXasaa at 37^0 uader ooiitroXXed 
ooaditloaSf so that o i% f aotor ? detiorated^ without affeotlng 
the o ^ e r laotors* 
^isrieeDer J H j d {imo) sieasured Xaotor V aotlTlty by i t s 
aooeX«i»tiii£ aetloh oh the yeXooity of throsbia-forstatloa f roa a 
ooastaisl i n i t i a l eoBOealrsitioh of prothrombia* Borohgrerli^ 
f l S^ (1960) Bade use of a proaooelerih aooelerin assay ^ using 
f aotor ? def ioient pXastna^ preparad V t r ea t ing normal plasiaa w i ^ 
Eus8sll*s YiperwrenoiB, fhis roageot speoifioalXy reduoed f aotor T 
without sigaif ioadlly affeotiiKg the o ^ e r ©lotting f aotors, 
EttsseXl'^iperMreiioai ooisrerts proaeoeleria to aooelerin vr^n in the 
absexise of oaloius (Hjort 195?) with subsequent inaetiTatioa of 
aooelerinc In th i s aiethod of assayi the addition of thromboplastin 
was not meoessazyt sinoe the phospholipid used with the Tonoa for 
the preparation of "^e reagent, supplied ISie thre>aboplaetio aotif i ^ , 
Spe«p aiad Jorgis (1962) reported itie preparation oM the use 
of f aotor V def ioient substrate plasma produoed t^ eontaot of noansal 
huaan plasaa with a soybean phosphatide, inosi thia , adsorbed onto 
o e l i t e , % t h i s aethod Q£ preparation, the oonoenKrations <tf 
prothroabin, faotor VlI>^Qapl«sc, and fibrinogen were lef t unaff eoted, 
And i t has been elaiaed that only f aotor Y i s assayed by th i s aethod« 
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4^,ll^t8, ^t \^|frM?,^ f»tij,^ „„^f l.mRg,,^* Owrea (1947) made 
plaeaa free of prothiHam&ia l^ 3eit» f i l t ra t ioa# f i r s t l y on 20^, 
then on 40*6 ^be»to»» fhle plwisia wse than UBBA for factor Y 
purlfioation adooriing to llie sNithod of Ketoriok i | aj. (1946}« 
ymXag preeipi ta t ion with e ^ e r a t different hsrdro^en^ion^ooiioenl-
rat l^ae and different ionio atrengtha* f ^ t o r ? ^m pi^eipitated 
at pH 3*3 aad ionio strength 0«03, baaed on the method of fibriiwfen 
ptirlf ieation* 
fare aM Seegere (194S) a t t e s t e d ieol^itioa of aooeleratoi^* 
globulin from a orude prothrombin preparation, fhe reagent eon* 
tained prothrombin aa an impaj^'^, ai^ thrombin '»m formed during 
storage (furguson a£id liowiat 1943), fhia prearation oontained 
eerum aooeleratoar-globnlin or aooelerin, iJ^m. oM Ooon (1933) 
also thought logioal to reiaoTe prothrombin b/ i e i t s f i l t r a t i o n 
beeauae, i t resulted in thrombin f oraation and inoreaaed Ao»globulin 
in the prepeifation. L^sia and *aro (1953) isolated Ao-glob\ilin 
from oi trated human pla»faa« Oox g^ ^ (19SS) prepared plasiaa 
Ao-globulin from oitrated huia^n plasma bjr the method of Lewis and 
Ware (19S3) with some laodifioatlaas. Prothrombin wsis reiWfTad by 
barium o i t r a t e and barium sul|^a.te* fla»mk Ao-globulia was pre-
dipitated a t pS &.5 ^sith aoetio aoid, 1!ho preolpitat© after r e -
suepeaailon was treated with thrombin at j ^ 7«0-7«2 to oonrert to 
seruEa«Ao-globulia, further purtfioation was aohiered by io»-
eawhaage-resia, Amberlite IEifc-400, Aetivity was preeerrad with 
900 glyoerol, fhis preparation was u l t ra f i l t r ab le &M. passed out 
of d ia lys is asJ^raas* Oox et a l (Ifo. o,i1 .^ j made extenalTe study 
aiad £QVLa& that h&rtm osQ^lmTtn oouXd not h9 rotaiasd o& aabarllt* 
tiut hmaeai a o e a l ^ i a OOAIM !>• »lul0d« fhoy raportod that th«]*« ia 
a diffeTaaeia in ph^ai^aX ohaaldaX propartiaa ef aaoalarin in twa 
spaaiaa* 
l a J^d7 MJarl piuflf i«4 AO'»gXobuliii f roa huaan pXaaoa hut th« 
yiaXl was too Xow, haaaa thay t r i e4 h&tlm pXasma ttiB«)« i t aoalaiaa 
S'-d timao iftora aat ivi ty than h\»aa pXa^aa* Surgaxior ^ ^ iX96Q) 
hscra daaarihdd a aiathad for tha purifioatlon of proaaoaXsrin uaiag 
tha Ooha fraotioaation teohni^ua, but thaaa authora &OMJA not 
ao t i ra ta tha i r praparation with thrombin, ra thar i t f u r ^ a r in* 
aativatad proaaaaXarin rapidXy* On tha bauiia of thasa obsarrationa 
and ^ a i r data on kinatio atiidioa, thay ooaoludad that tharo was 
no aot i ra t ion of pzoaooaXarin during ooaguXatlon in oonlradiotion 
to what had baan raportad aarXiar* faaiohaX azid Hoaa (X9dX) hscya 
attaaptad tha ptirif ieat ion of f aotor T but ths dataiXa aro not 
araiXabXa for r«viaw« KoraancBaogaton ai3d Tggt (X9@X) aada anothar 
«xtai3aira atudy baaad on tha aathod a^ Oox* l^aaohaiatin and «faro 
(Xoo» 8it«) for tha purifioation of borint aiii human mooaXarlni 
fhay u d ^ anion «sohadga i>owaj>*^  aod V9r% suooaaafuX i n aohiaring 
tha purifioation i n both oaaaa providaA tha ooXumn haight waa 
ahorter than Uox j ^ ^ (X996)« fhoir paraparation waa not l a t r a -
f iXtrabXa aa raporttd by Oox 5 I a l ^]M* t l | ) » 
Xn X962, liaadaburu aod Saagtra raportad tho oonoaizlration 
of borina 4@«*gXobuXin, Prothro»bln wiyi removed by b«^lum oarboaata. 
Ao->gXobuXin waa praolpitated at ml& pH and ^wm f raotioaatad with 
ooXd aXoohoX at 1^ 7.0« for stabiXiaatio% 3-aoatyX maroapto-
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auoolaia asliydrldt was uistd, sinoe I t t0»&9 td s t ab i l l s* t!i« 
&laulpli|j4* ^flAs m prdtaias* I t was th«ii f Tsotionatad witb 
rlTaaoI and fml&tr purUtlQatlost was aohl«f7«4 1)^  o&roamtoipraphjr 
on Aoibarlits X10«80 or on BM&oelXuXoss* Oonssstration was 
obtaiasd liy s a l t prsoipi ta t ion aai s t i l l furOiar purif loatloa 
a t l809lsotrle prsolpitat loiu 
Aoici afid aasgars (1965) rsportsd pujfif ioation of Ao«glo)»iilla 
by s a l t prsoipi ta t ioa and f urt&dr piarlf iaatlom oa DiAJ^oslluloss 
ooluiaa f ollQWsd la^ Isoslaotrio prsolpltation* IA the sams ysar 
Bloal>a0^ &M Ml9&hmk i^sportsd t^s purifisatioA of factor V oa 
ispliadsst ^miO s tab i l i s ing ttea astlTlty ^ th s dlvalsat oat loss 
I t^e oaloitAau Ssaouf j | ; | ^ (19S3) rsportdd ths purif ioatiom of 
f aotor Y on fri<^t^lamlnoetliyl<}olluloss« 
Th9 author of t h i s a^sortation also roportsd l a 10S3 the 
purif ioat ioa of f aotor V ^ s a l t f raotiosatioa or isot lootr le* 
prsoipitat ioii and furtshar ohromato^rapby on I 'Sll^sllulosSy ^ « 
a o t l r i t y was sff sot irs ly preserfsd in prsssms of 0*5 | suoross* 
fha aotltratloa of faotor V wit^ soluble and insoluble throabia 
was also desorlbfKl* 
liater in 1964| f apahadjopulos, Hougie ani Haseysiaa reporled 
that thsre was a ohaogs in aoleoular also of f aotor V diaring 
ooagulation* t h i s i s in agreawrit to findings of the present 
author reported sa r l i e r in 1963, $he f orser atteapted the purif i* 
eation of borine plasma ai3d serum on Sei^adex &«>200, the i r plaSMS 
f aotor V was of large imleoular weii^t (nsisrJy 400| K>0)« I t oould 
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aotiratad witH tiiroalilii to anarJ^ tan t iaea tiia ae t t r i ty wnio^ 
aXutad t£ot& tHa ooiusia a t aai^arata Xoaue th&n, pXaaoa f aetor V* 
fbair praparatioa oC tmtor V af t a r tiiroalatin t raataaat waa of a 
snalXar aissa» ooaf ixwlng t^a fimlinga of aarXler raporta 
(AXaJiaalaJP J l j ^ t 1952| Laaoiiaiitia and ^^^9* X953$ Husaala 5j | aXil963) 
tliat tlufoaliiii aota as a protaol^tlo 9mfm9t tirayama aiid 4aada (1964} 
raportad p«Ftf toat lon of f aotor T by aaXt praotpttatioti atnd umi -
oaXXulc^a ohroaatography* 
lawooab and Hoahida (X98S) rapOPtad tha purifloiflioa of 
f astor V oa oaXLiiXoaa ^ o a ^ a t a ooXtioiu f&ay aXao olbtalnad laaxaaairil 
aotlvlty a f ta r tiiroabtn t raa taant , Shay raportad a 52M foXd purif 1* 
oatlon orar tha atar t lng pXaaaa, 
oXotti^mci f^a prog^amisa of x^aaareh on fas t or V h,m to Xaoorporata 
aavaraX aapaota of inraatXfiatloa in ordar to aaaaaa aff aetivali' tHa 
propar parapaatira of tlia f aotor im thm &w9mXl oXottlng prooaaat 
(1) protaatioa of XabiXa aafeura of faotoi* V agalaat 
tha apoiilaiiaoua dao(^ ax3d laastiTatioii, 
(11) laola t ioa and purlf loatlon of f aator V and tha 
o&araotaxlsatloii of I ta laoXi^uX^ iAns^ttff 
(111) aaquanoa of la taj^^t lon 1>atwaan laoXatad faotor 7 
aod otiiar eXottlag f aotexVf partlolpating In tha 
oraTalX proeaaa, 
( I T ) to ooro^ra ta I ta roXa l a othar funotloaaX 
paraaatara of ooaguXa^loa a«y« t I ta «tff aot oa 
tha is^ TphoXogy aad tha aatahoXlam of pXataXata, 
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In ou^dquAol olkaptcrst a t t e s t s hm9 th«r«f ox^ h99n sadt 
%e g i r t V9lm&nt iafosttatlons on t l i t a t^ to ts eut l in td a^ort. 
g]^B-|tg ,X d«ala with piurifldatioa of faotor ? 
axd t h t i^^iOd«*ol&tiiieal paraaiataft 
of tha purlJttad ooiq^onaata, 2M*t 
f ro t to t ioa of tiit XablXa natiira of aotor ? wltli auoroaa and tho 
SMOiiaiiiaa of ttiia pa^itaotioa 
Oiiaptiap J^I^ daala with the Iciaatiaa of tlit i ^ a r -
aot loa of f aotor Y urUli taroo^Sn a ^ 
ti&9 voX« of f a9tor f in tha eoararaioa 
of protliroA^ia 
g^aotar 11]^  daaXa wim tiia isorpIioXogy aaa^  ^la 
la^taboXiam Q£ plabalata ae thaijr ara 
«^f ootai 1^ t&a iaoXatad ay atom 
uniar atti&y* 
8^ 
mimuusi AMM fm&tmnm (mmmfma^M^ m mQu.'sm nmuM fMfm y 
Sfi 
mmM* llMi 
9m%ev T wem pwpUiM on li4ii«o«IXiilooo 9AA t&o «foolf l« 
aotlTlly oC t&o i«oia:t«4 f aot^ wad 800 tls«« ww plmmam Slio 
piuplf lot oAtoslal wao fowaA lioao^mouo ligr ^tar«««itiiJtiifo s t^iot 
aM l&o aolooulAif 8i»o was f ouziA aaroaiiA latyOOO* ^^iroi^iii arfeir** 
tloa was foimA -to otlmaato isoaatod tmtm T to nmoae^^ 9 tiAM its 
aAtlTo «uit jaritr <^ a^  ^t ^roui^t alioiit »teor «Xti««tioas ia t ^ 
nAtiTo ai»3.iQ l^« miiMh eeuM ^ dotootoft oaSr oft 2l4B«>ooU«lo»o 
olivoaatoiVi^y asS doasit^r gradiomt ooattlf^iiatlaiit ll«otro|ili.«»i«i9 
on PffrHeozi i^ owod It i »i)>ilit7 at ^ Imm^ lo l f iltimtioii iHovtt 
oao aitlirity poak osl^* ^ 
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®io ooaroiraioa of prottoomtiiii to tliFOia»ia roaaias as tho 
oostov of aXX t3lo«rl*a toalgmft to «s^Iai& t&o ooagoIatloA of l^eo&* 
In addltioa to tho %iaaailt3r of tluPOBbia ovolTodf tlio x«.to at n&lo)! 
t&voa l^a lo f 03n»4 ia of paraaMtmt li^ortaaoo* f aotoir T luw Xoai 
liooa )mm% to iiffiro a iMgr ^Xo Sa gorotalj&g "^ M rato of oonroipsieii 
of pro^ jPOBblA to tlypoabia la a l l oyotoa ao yot 4«ria«4« Soo^fo 
(1948) pvofoaod tJ^ al %h» aotlvit^r of foot or V^  tiion aa2l«& Ao-
gloVolloi wao groatly iaos>«ao«& %^  «Kpooysr« to thromlila* fhlo foliit 
of Tiov ia aixpportot ^ a Taifi«ty of laAivoot orMoaoo if tBegm9& it 
I^ MTiai ia$9)* ^or «nu^lOf i t Is notoA tliat on otorago plasMi 
rotaias its appavoal f aotor t aotlTlty Imt losos tho (|ixality ymxi^k 
p«ralts sooosltiatioa of Its aotlarlty W tkxoatela (Hj«rti 1991^), 
latorlals ^0hiah islikt%t^ tharo^ Sbla eoapotitlrojirf suoli ao toxw^M^ 
gialiio««o i^3r2'*«stoif (fAlI«)« also latosforo wllit tho tiypoal»ia»* 
aottratioa {W^^vspy ami f:rollf 19S4)« Ot&Mf sutetaaoosi «&io2i svs 
protooSrtlOt <^« sstlTato fastor 7 VBOA^T sultablo ot»iaastai»os« 
AMoag moso si&tetsaoas &m txgrpsia aa& lusooll TlpoiMToatta 
(EJorti li5fa)« iapflsMoatatloa «xpo«i»oats« utlliaiag plasaa 
£m& patioa^ oon^saitaUjf 4af loioat la f aotor Y (paa^a^oasi^ilia) 
also skoir tiMit tHis f sstoir i s oxnoial to ttio doaaastfatloa of Itois 
tr^o of iatoa»Mitloa vltii tiiroalila« iurgsaor (1900) t Howoro^ t 
bolloToo tliat tUs apparoat aotivatloa i s Am to dlfftroisfe eoaiil* 
tloas f^  assa;? tmA tMt tho oa3j i^f set of tSirealsln oa f aotor 7 
i s oas ^ iagradatioa* 
It i s «Etvoas3|r ii^oxtaat that t&is taMtloa }m aasirsrod* 
Siaoo thiKsa l^a i s at tlio hoart «t a l l olottii^ araaotloasi v^otlitr 
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i a Titit» 9W la TJaroi It is onaolaX to imsm ifliafSkar a au^ataaot 
axlata v^^ili la aapa^la af vaaatii^ vlth t^aatliia la «a an^ a** 
aatalsrtia fa^iaaf Hk&b i s to aiQr tliat tiupoa^ia ia en^Ula of 
iaaxaasiag Sto owa prodtiatiaa \if T ir t^ of ial«Pao41«la ^ f a9ta 
oa aoaa ot2ioif f aotez*« ia tliia oaaa f aotor t* J£ amh ^ tnMt 
traaoa of oitbav tiiroal>ia me f aator ? voiOd kara off aota oiil of 
a l l |)i^epertloa to ^o ir quaixtity la tanaa of oa|»a1 i^Xltj of aaoalo» 
rating ooagulatioa* PosltiTo Imoalaiei eoaooraiag tMa poial 
would oiiaafo oao*8 iaftazprotatioa of tiia tiiioabo-^laatiik» 
gaaojpatioii^toatt wMali la widaJir uaod 1»e1^  la dlagaoaia aa& 
7oaaaroli« It atgr alao prorida a aa* &ppx9mh to t&a piadiotloa 
of a thrwdimim^WQiM atato and tiiaxaby frorida a daf laltlro taat 
wiiasa^ aiitlOoagaXaii^  tliaraigr ooaM tea atartad la tiaa to 1M of 
dlatiast Taltto* 
la tiKt ooDUfaa of attaa^ta at porlf loatioa of faoter Vy i t 
was olMiafrod l^ uftt f aetor 7 n i^oH &aa ibaaa i^oaad to thx^Blila 
lMh«roa ia a diff oToat f aanioa dYUPiag oiaatoirax^ aapax«tioa ^vo* 
oaduroa, amM a^atlag ttot foot or ? undairgooa a atruotmml ^aaga 
whoa axi^oad to tluroal^ ia* 3laoa f aotor ? aotlsrltgr !• not Imt 
and a^Mtlaoa laosaaaaa tiadav tHaaa oism^sataiieoat tlia f ladlaia 
9tr&n^ a^p^rt tla aarU^ liypomoaia tbat f aetor 7 ia astlTatad 
by tiuroadiia* 
7arioaa aotl&oda for tiia laol&tioa and piurifioatlea of pro* 
aaoaXoria and aoeoloria 2iaro 1»ooa trlod Ity -rarioiui a^ ellxora la-> 
dopoadwitly (Owmat li47f faro and Soogorsi 1943f Aloxaador 
j ^ ^ t 1^2| l«via and Waroi 1931^ 1 Oox j | s ^ t 199dt l |ortt 199?!ai 
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s;air«a«.dt]«ipit«a Xggat 3M1$ I<aa&a1»t£ra aa& iaagarst X9St| Mki aiA 
i««i«Nit aj«9| IttMa&A jl^ j^t Wm^ mmaSmM aaH BXaidiaalti 3Ji9| 
Mmai J l j^t X9S9} fafaliadJ(^0iil0aat im%$ \braraBa asA Aaa&ai 3b9Mf 
XA aa attafi^t to laaSAta tha furif 1«& f raotlam af faatav t | 
tlia proaaftiira irraxliax^ daala wtih tlia matiiada adapt at witli fx«a& 
ItQirljria aaealatadl pXaai^  wiuyoii «aa aalaatad aa a aatiama af f aatar T 
f ^r trial axparlatfita* 
03 
^i^Wi^M hm ymmom 
f,g^#tl»ft ,fg ,Mtm iMim^ ^^ "^ «> i^a» ^^^ ««• 
QoUtstaA* fiPQ» KkM ala«i|^t«f }k&w$9 ia»t4iat«2r fiPon tM9 AMk an 
•#ea aa "^ la aaiaal ««• saa:rlf ie^tt l a a iplaatia bottla ao^aialJiii 
ana far t 9i O^Xg aatioat axaXata to aiaa parta %laad, «m^ waa 
iBin&lataJir paakad in ioa. I t was avat^rif iig«d at 0^*S^ at IdOOxg 
for 90 a% aa& tti« a^aroataixl was agaia aaatrifug«<l at IfQOM 
f a r ao-*30 jgyi ta r^mm^ t ^ plataX^ta* flavaa waa a^arat t i aaA 
trvataA witM lOOag barlaa saS^^ta p«r j ^ piamaA ta ifmrnat^ prd*» 
t2iroa^ia a^« t aa 4«aax i1i«d aarUar aM dlriAad i a aMtaata «f 
lOOaX i a paaatia HattXaa aaii lc«pt at «>30%« Siasa i t waa aaH* 
aa^aaatly o^Mrr«4 (as to ba 4aaori^a& ua&ar rsauit) tli.at faster 7 
aotlY^ir atayad atabla far sartraX asat^ at - ^ ^ 0 la iso^-asnstlii 
SDoreaSf a l l alltitata &£ plaana wsr« i c ^ at ••80% aa a raisliJis la 
iaa^aaotla aasrasa (@»3|[)« Rasna lilasd waa aXaa aollsatad fraa 
f aatiag daasrs tgr Taiilfitasturs iala i part 0 « i l asdiaa «uaata 
to 9 parta l^ooAc 
tha prsparatioa ^ ara&a ssttraat liaa %«aa aftaptaft aa ^ a IMMIS ti 
aas aagfastaft %r @®3C j | | | s | {%M$) v i tu aaiMi aedifioatloa of tba 
proaodnrot tOOj|| plaaaa wars a&aorlMl witu lOga ^euriaa sal^ata 
(lOOagtt per j ^ pXasaa) aiad leapt at 4% f a r 30 s^ aa&«r stlnfiag 
aa d^erSi^ad majpXiasti, I t waa tli«a aaatrifii£;sd at Q^Q fa r SO j||y| 
at ITOOasf. M9&ehw^ pXaaaa was ta«a dilmtsd go tJjwa wltli eaiUsd 
diatUlsd watsr at »mm taiq^arataira aad adjaatsd ta pi 3«9 wit& 
alaw additioa of 0»t|| aoatla aaid witlt ooaatiaeit stl»rriag« ^9 
prssipitata f anrad at t2ia isaalaatria potat of f aatar T waa aarraatsi 
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by aaadrMugatioa in aoM f a r 10 « ^ at i900xg SkoA vaa autaa^uaal^ 
dlaaoIira4 l a eaa J&aSf af i ta arigiaaX pXaaaa TaSjaaa w i ^ iaatottia 
aadjUts ali3^p|4at ^ 7*@ ta 7»2« fki» aatai^al i& tlila ra^art v iU . 
aav ba lA«itlf i«4 aa **f|fi4f 'ffPr^yfJ.lgllftlt*** ^ « «w»iA yraaipi^ta 
oHaioaA in tlia atera wuaaar vaa «atiai3y f aiml ta aaataia 90^ m 
alMira oS tka w lg iaa l f aatar f aatlTitr ^ t)ia atartlag pXaaaa* 
waa baaai an aaa daaaribaA W Owran (X947)t iOOi^ af flaaaa war* 
adaorbad «lia& XOgna barium aulfmta at 4^0 far 30 j^g aisA tlim 
aaalrifiigad at 0^5 far m s^ at l?00xc« tl&a at^amata «aa 4U»ta& 
wmi fm s^ ahlllad diatlXIad vatiO^ and thaa w«?a aXawly aAdad, 
VLOAar aaaataiit atlrriagf i90j | | aaturatad aaeapnitta aulfata, fE 7*0 
(f iltaraA baf ara vmif}* Af tar ana liaur atixvlsf in aaM at 4®df tita 
Bi^arlaai waa aaaferlfugad at ISOOng far 90 nia at 0^*4%« Praaipltata 
waa AlaaalTad l a @0 jg^ f r la §t0m. (%dra3^aatSi9rlAaliia«atbaaa) aaiiiw 
Iniffar (0«0S| Sriaf 0 , :^ laax) 0*15J« ^ %m aal dialarsid far I I 
Haiira at 4^0 afaiaat dlatlXXtA wat«r vltH afpr^iaata 0*01^ t r l a 
a&dadt ta giara pS 7,0 ( i part t r l a l^ dTf ar 4 parta dlatiUad watar), 
Biajiaraata waa aiunfad at t&a aad (if 12 )iaaya asd ^ a dialarala 
aaatlaaad f a r aaatb^ar $ haura* f&a aai^la waa takaa ant and pi waa 
adjuatad ta 7,35» at ma «od af dlaJyala* Xt waa aaadrlfiiiad at 
ITooxg far 80 i l a f^ tlia a«^ai»iata waa aaldlflad ta pH 5*5 wii9i 
0,2i| aaatla aald» Aftar 8 haara * * * Imam at 4^0, uadar alaw 
atlxTlag* i t waa aaatnfugad at ITOOxg far 30 a^ and tha pra-
alpitata waa raauapaadad in alalMas waluaa af tria-aaUaa biiff«f 
(0»15J|)t pS 7«3S aad t&a pS af t2ia attapaaaiaa waa adjustad ta 7*55 
9 rr 
with 0*i£ V«aR« &11 oporatioav woro oarrlod out at O®-.4®0« l^iM 
pr«pAratioa had wme^ fomr to f lr« tJao« tlio oriKiaal aotirity 
wli«ii 1^ « o««p«B*ioa «a« an&o la a aaeaior irolitno aoar^ oao f ourHi 
of tho orl«lBAl Tolimo* fi^ ia aatoriia i» Moot^ioi a* '*«ni&o 
salt^prooipltato*** $ria*»lniff or was iiao&f a« i t «a« f o^al aftirai^ a* 
gooita for alAttiag roaotioiia (itoraorkoa and Sowoomfet 199€)« 
ooluai of anion OKoHaagort Aiol^ kyi-asiliio^otliarX-oolXttlooo (Bi4S) vaa 
proparot la^ tlio aotliod of iolior and Potorooa (1996)^ (1053)) Imf 
aiaA So^or (I960)* PMi^oUiiloao (i^lois^or aaA SOUttoU Go»|tlSA) 
waa waiiioi with 0«9I Bydro^lorio aoiA aM thoa with wator to 
notttrality aaft w i ^ 0*S§»oodltiffik34r»xlilo aai than again w i^ 
diatiUot dominaralisod wator to aoutraHtr* %o f ii»^l waaliiag woa 
doao with d«0i79J tris Imff or* pE 7,3@« tioeanao thia waa tho pwimm 
^uffor uaoA ia grodivit ololion (Dralstt 19I}S>» loi^aodiaoi^iag 
partiolaa wosw roaoirod dttriag waahiiag preooduro W dooaaiatioa* 
fho waahod adaorlioQt waa thoa potirod ao a alMorrj into a glaaa 
ohroaslograiihia oolum aad all^od to aottlo Ir &tmttft B^ho gl»i» 
ooluaa wiigi BSAS-^ ooUttloao wiui »a9uatod oil aa autoaatia f ia«ti<m 
ooUootw in a oolA rooa (4^0)« A oolawi diaoaaioa of saoanell^ni 
waailnual to ^o adotnato for tho parpoao ^ attady* &• aaioa os» 
ehaagor waa waahod w i ^ aororal hold«itp ToltUBaa of trio ^v£tv3t 
0t0175J, pH 7.35, until Iho pS of waiting waa 7,35 aad ieaSo otroaglh 
waa ohoelBtd oa a BooJcaaa ooaduotiri^ attar* 
Ontdo f raotioao of f aotor 7 hvamn or teoyiaa (aold prooipit*to 
or aalt prooipitato)| prior to Holag < i^aritd oa oolnwi for ohroaato* 
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ffms^ wort AU3^99A ororai^t a^iast trlji bwff or 0»01TOJ|» ^ f»3S» 
Qoalitttllarolr oJailar pattozAe woro ototalaod with air «f tHo 07«do 
fvaitioao* laitiaU^ oraAo aoli&«-p7oel9it«t« wa« tiooi ipoi lator 
oa oaH^ipfMif Hatoi on&ao faotor T «ao ^inf ovrod siaoo t% mm 
f TOO tipoa f itariao^a at woU ao i^ otomy of V was noro a« a otarl* 
lag aatoPialf Slid gfadlmt ol\itioa of tlio OOIIOR % ataoo of 
TaviAlilo ooai»«at«atloa fpradlmt <^ aaib«V| aa dvrlaod ^ Fotoraoa 
aaft 3ob«r (1999) «ao oa^l^od for tlio ohroaatogxapliio ooparatioa 
of tlto f aotor* Hio off luoxsl %uff 97 oyotoa oa^ logfod was ooag^ oooi 
of Ifturoo IMtfovat tsia a,01?$i|» tris 0«% ai3& tr ls 0»3f with 0#il 
wita d»lj| MaOl lopt ia tho oliaahoro 1, II aal ill iroopootira j^rt 
of tao aaiA **Tarialil« gra&iiat*' or 'hrorlfrad", Sho pK of a n ^^foro 
was aaStttaiao4 at 7«3S# 0x0^ tlio ioaia atrongtao of tlio oelatioao 
woro Tarlai froa tho lowor %& tlio liigbor ral^ioo* 
f rsiOti^ aa woro oolliotod oa tlio a^toaatlo f rootioa oollMtor 
w i ^ a flow rata af S(M(Qi|Vkoar aoA oolloatoft ia 10wi%| aliqiaola« 
Aftor tbo ooi^plotlaa of tho ohroaatO|pra|)hia roai mm% Tolaao of 
osoli t^^n waa aoaoarod and i t s protoia eoatoak was ostiaatod ia a 
BookmaBtr SFOOtropHetomtor at idOaa (Wo&doUt 199^)* Wh«n 
zm99m99i^7^ %h» protoia oeatoat was also aoaaarod oeloriaotrloal3^ 
asiag Folia's roai^ali as aedlf iod 19 ^iisilor (1959) %sr takiag 0«l.j|| 
aliqaot aad 0»fti| saUao to tht ali^aotsi 6 « ( ^ of XZ^S^ oodiaa 
oarboaato and l^ of 0«i# ooppor stOphato woro addod aad aUowod 
to staal at room toi^oraturo for oao aoiir* 'Shmti, i ^ of fr«sli3^ 
AUatoA folia*0 roagoiH (i i3 with diotillod wator) to oa^ tubo was 
addod aal kopt for 30 a^ n^atos ia dazlt* !Slio iatoasitr 9£ tho ooloar 
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was T^9A at QSOsa la a Qoltoaa Junior apMtrophotmvlar aflRimt 
a raagasi Hilaak* 
mah SvamtiAn, vaa 4ia1^sad &9VPmkf^% at 0^ 0 ftfaisot tan 
tiJi«a ftlaat ait aJUlladi aaliita to gat xiA af asaaaa aaXt aP IdEia 
aft^ Laaat aUxtura* £l&a aatl;ntr ^ ^aetar ? ooataxit of aaflb Aia^ grsaA 
aaopla waa maauxadl t^ Hlff^ plaAsia and agdd pXaaoa e^ oasr a^ fataA* 
29th prapaxatie&a c^  OFtiAa f aetor ? vara o!ixHiaatag3?afliat 
am PSAi«aallttlaaa aystas aa daaeri^ aft* far oosi^ilaaat x^«<i& Imaaa 
paaXa& plMmaA vaa taaa& aa a T^W9W ataa&a3p4 aadt &«Ci]&«& aa 
Itar i^C 100 tmlta f aatar 7 par j ^ ma uait af f aatar T waa d«f imtA 
aa t&a liaat laHla aaapazittat af f raah plaaaa wiilaii aoaalaratad t^a 
elQttliMs «f faotor ? a«Clolazil aga& axalatad Imisaa plaana air lumaXl 
TipaiNra2iaai»traataA faator V daf Islsxit Mtnaaa plaawM A plasaa aasi^ la 
ahlab in 0*OSgy. all% i^atap aaoalaipata4 tiia aga& ayatan ta a alat tisa 
of 21 mm9V^B or ma MT^ayatatt to a elat^tlaa of 19 aaeoiiAat «axa 
taJcaa to aoatala 100 unlta f aatar V par j||» aai^ Xaa of tHa 9mA§ pfa« 
paratloa wara aotlTatad vltli pur If lad tliroa^ijit $ iflH iialta/400 naHa 
f aator T at 37^0 for 30 j^yoaatrifii«ad at mx>M iO^^^O) ^ «P 10 j | | | | 
and dla^yaad firrar&l#it agalaat atartlag li«iffar bafora ^iag addad 
to tha aol^ Biii* flta aatlratad f aator 7 aftar dla]ijrala orarxdi^t 
agalaat tlia atartlag t«ff ar mm ^argad oa t&a aolma and traatad 
au1iaata«Eit3y aa daaarl1»ad alieva* 
Tarloaa alvrttlaa gradlaata sf diff araat loala atraag^a 
it/Z) sad p8 wora triadt auoh aa Hollaalor f/t 0*0178 to 0*4 and 
pE 9*4 to 8«0« Biff araat ttiiff ar ayataiM ilka ptoas&ataa, trla 
aad phoafiiala^trla aiacturaa wara alae trlid* aaproduallila raanlta 
wv Iioirararv oMalaad with tha gradlaiK Blxttiraa doaerl^ad abflivft^  
' ^ 
jyya|£|[Bt fli« toelmittt* i« ^ae«d on tii« metnod M8|»tad laj 3or9ligv«riiik 
qf S^ (1990) «}i«r« aoraal hmmn f rea^ plasw was tf«at«d mtm Wmm%X' 
Tipar Taaos (S'fyirraii laraR>u#i«w«llAoma & 09*) "^  P«Ni0ra tmtoTf @M 
thia raagaal waa i;i»«4 aa autetsata far faetaif 7 aaaaj tTatao* 
file aatotsata plaaisa for the 6M»ay af faator f (praaaaalwla* 
aaaalaria) waa prepared aooordllag to Boroii^rarlakt Fool audi 3tor-
•arkaa (X9S0)» Slie method la l^ aaed on tisa earlier oliaarratioa ^ 
Hjart (19S72 "^ ^^  Hstaaall*a rlpar TaaoSf aieii ia the atoeaae of 
ealolttm raplAly ooarerta proaaoelarin to aeoelerliii with autea%ii«l 
inaattratlaa 9£ the asealarlii formadt '^ ^^ "^  apeolflaaUy reaovliig 
faotar Y from laste aulM t^rata pl&aaa ^ thla aeehazdaa* 2liroi«^lAatlA 
satarial la aiMh raaotloa la ai^pllad ^ j^aapholipid (Oejplialla) 
uaad la the praparatian* &a smterlali uaad for the praparatlaa 
of the raagwit werat aoroal plaa»a oollaated tvom a f aatiag heallSiy 
doaoir la ^9 praportlon of 1 part 3,11^ aodiaa oltrata dUiydrata 
to 9 parte Ulaod* It «aa aaatnfagad for 30 alatitea at ISOOsi^  to 
reiaore the pljateleta* A. aiiapeaaioa ef Buaaall* a <rlper Yeaoa la 
oephalljiwaa prepared* 
file eei^alia waa prepared tv&» lianaa te«iB aoaordlag to ii^ e 
aethod of Sapaport a^J^ (1954) with aoae aedlfioatioa (Mewaoakil9«8)* 
Rumn \KmiM waa woahed with water after peellag off the Bwateraaoa« 
Wei^t * ^ taken aad 400 gram waa haaogeitlaed ia a warlag hleader 
wilii 49C^ aoetoae* . It waui oeisftrifuge aai extraatioa with aaetoaa 
waa repeated fire tiaea* So the aoetoae 4< 3^rdrated reaidi^t were 
c. ijfi 
war* ad4«4 tMOQjj^ •m,93et aul altTOgaa earn waa bubblod for f trt 
aiaataa to raaova oi^goa aiaft i t waa allowai to atasA onrumi^t at 
ro«« ta^aratmva* m tJfta ami of tuia pario&t aldiar layar was 
aiphaaai off ani arai^imtod to ixyaoaat luador vaaiaia at S^^ Ot 
Sba zaaiAua waa waiOiad twiaa wit2i 900||^ aaatoaa Igr dooaiitatia% 
m9 xvaMua waa diaaoXTod in fiOOsSk *^9af0 and waa tmunsf ane^ to 
a pr«wal#iad giaaa lo^id botttm bottiOf al^ar waa ava^ointtod to 
dxyaasa imdop ouetioiii wbia^ waa ooiicliiita& for anotbor 79 niatttaa* 
fba wai#it ef tba xaald i^a waa talean 9,tA 9^g^ trla b^f or d«lSI^ 
pn 7*35 war* addod aad aoaXaif iod witb a glaaa rod^ tbin aoaiaatod 
for ton ttioatoa. fba atroagtb of tba auapanaion waa odjurtod to 
S^ (ftAoX)ff and fr^ma la anall aaiqueta at «»80^ 0« 
Enaaoll'a Tij^ ar raaoa (itypfraa, Ittrroa^ia Wfixooaw & Oo») WM 
diaaolTod ia eapbaiia to a ooaowits^tloa of XilOOfOOOf lff> 10 aloro* 
tamm/iff^ Jqual parta of aoraal oitratad flaaaa BM EuaaaXX'a T%OXW 
•aao»^aiii.aXla anapaaaioa waro aixad aad tba 'pS. of tba aixtiira waa 
adjustad to 3*5 witb ig aodisia b^rexlda« ^9 oixtttra waa divttad 
ia lOg^ alii^'tst •iniOa tba ratio of gXaaa auxf aea to piaam TOiitMi 
off oata faotor ? daa'^metioat &a pH waa aado allEaliaOf ajnoa at 
allGaliaa ^y tba datarioratioa oi f aotor T ia aiiiaiisad at 3?^ a« mo 
tttbaa waro iaoubatod ia a wat«r ba^ at 3f^ 0« BXaab t i m waa oboekod 
by aid lag d«2a| oaXotoa ebXorlda C0«035K) to 0»4s| aXi^aota of pXaaaa 
at aoro tiao aad at iatarrala imtiX i t roaobod d0<»70 aoooado wboa 
ao f aator T aotiTity waa dotaotad (?ig« X5) AXX tba tabaa war* l^in 
pooXod and pS waa brou#t baoie to 7«S wtm l j | bydroobXorio aoid* 
fbe raagaa^ waa atorad ia aaalX aXiqaota at «20®0« 
«« 
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systtm ««rt fti3«l«& witi^ dlltttioa f luiits I mit IX atooxdlag to 
Hjort» Eap^p^vt tail Owrvn (XtSS)* Oltxtttt dia^tloa f litlAs w«:r« 
u»«A iS tim %3.ooA WM «oIX«ot«& in sodiua eltrato as so»-oo«gaXaai 
aafi « i ^ oxa3At« AiMtlea f XuM8» if tlit ¥Xed& was stXXMtad ia 
•o6|»A oxaXat* as a«B«oeaguXa]||« #XaiA'->X waa aada 1^ m^ptiAg oiia 
pari sf 3*13^ mA^m oitrata dUiydi^ta or oao pari a«3§ potaaslsia 
oxaXato »it& f liro parts of d«^ saXias* l»iXtttloa tiiaM'^ll haA a 
Xowsr ooasaa'iralisda of satlooagtLLaat aiaA i ts pB was 7t9i» Xt was 
prspars& ^ oSsdUii SOOaX YoaniaaX or tris ^iff ar to 8Qfti^  of 8§#ddiai 
oodlua oitrato (or XiOaX of iX«3si potassl«» osaXats sslttftl^) ajiA 
0»9^ saXiao to nils vt^ to oao Xltsr* Thtso 4iXutioA f Xml^ s aso 
US9& to laaiatala UMI ooastaiift ieaio str^f i^ aaft ] ^ ft tiis diXntsA 
saapXo mA aXso to aalataia th« soaslaat aasaat of eHiato or 
oaoaXato ioas» 
tost pXaraa was Ailatod XiXO witii diXeElloa fXsaiMUX* for 
aakla« It 100 Allactioa i t was f isrtiMr diXittoA XilO wit& AiXutioa 
f Xmid«XX* fwo IkiaHis j^^ of tho aXi%ii«ls «C tiM 4iX»toi san^ Xo wort 
tlioa aAdo4 to Ow^ ygil of fta8soXX*s Tip«eMroiioa (E7T) pXasaSt pro* 
•%ttlXilN»Patod at 31^0 for 9«>i0 aiaatos* Bio aisrfeuro was 'fosa 
iooutatoa for 9xm%Xsr 2 alaatos aaft thm^ rooaXoifIsd w i^ 0«03S| 
OaXoltia o^lerMo* &« adAltioa of oaloitta was oxastXjr tiaod Hy 
a stop watoli aa4 tlio tlao for tHo fomatioa of oXot was dotoraliioA* 
Tk9 oXotting tiaos woro oonrortod to tmlts f aotor ¥ f rsa th.o staaAarA 
ourro (tig* X6) prtparod for thm Hff-systoa Xa tbs saas waor as for 
t&o agoA a^stoa Aosorl^at oarXisr (Fart I)* 
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pasfttion «^  agad aulMifjmta i^ laaaui aooozdiag ta Stomiolcaii (11^7} hsm 
aajraady ^aaa dacairllMA ia aarlltr (^ laptar* War ^ a aaaqr ^ ^ « 
iMitbod af Stoxn»rkm (X9S7)| 0 « i ^ aasb of tlaaua-thrax^aplaatiii 
tw9m hvmm toaia {^ zai^ aradl ia tl^ a aaat wif* aa daaarll^ ad aarXia^ r 
far x«l»^it tevala tlufoatopXaatia) § taat pXaaaa ar pailf 1 ^ faattF T 
jUi ra^ttirad dtXatiasa waxa aistd aad lasu^tad at S7®6 for ttsaat]^ 
two g^u-laat Aftav tl^la ia l t ia l parlod ^ insuliatlaiit tHa m|jcl«ra 
waa raoaJUilfiad wHii O.ag^ af 0«03|| aaXolas obXarlda aoXutlaa aai 
tha a laming tiaa waa dataralaad aa daaavi^ ad alMnra, 
aitlrltar waa aaXomXatad frea liaaf pXaana atazidasd o«twa aX&au i^ tlM 
daf ialtl»a of VMX%^ xajoalaa taa aaaa %ia« alaaa tofTiaa pXaana waa IWMNI 
for taa aa^ariaaatf %aa raXaaa of oXottlaK tiaaa ijslo uaita vara 
oosrarladi taidLag f ra^ baaf plmmm aa aoalaiaixig 100 vrnXtm/aQ^ 
f aotor V* S&a dlXutioaa of pXasaa wara aada with dlXatlag f Xald I 
AfA II (H|ort j | j | t 1^9} and taldag tliaaa dixatioiiji VKOgXim ^^m 
19# to 19# a ataiidaid oarra waa j^ Xottad, AlMMlaaa ia f ig, XS 
Ix^iaataa f aotor T dlXaftiea axpraaaad la tarai of aaita/j|^ axil 
erdiaata aa oXattiag tiaa ta aaeoada* 
Spaeif la aotlrity waa oaloaXatad aa aalta f aotor T/ag protaia 
aal waa datoralaad at aaoa 8tap» tliat 18^  ia atartlag pXaaaa^  oroda 
aoid praoipitata of f aat<»r 7 or aaXt praoipitata of f aotor T a^ 
f laaX r^ la aotlTo f raotioaa from l>gA.S-^ aUaloea ooXuaa* 
IH 
P i ^ « i a was d«t«i'iit]|«& at SSOmt In a Batlnaa W Sptetsra* 
^ti«t«ait«y (VaAAalli X9M) and aXao tgr faliA** aotiiod aa aeftlf lad 
Igr Wlaaaav (19% )• f TOS t&a al>ettlag tteaa e^taiaadf units ptr j[^ 
wars oalAiilatad ^ tHa partiaulaar saapl« tmm tha ataadaxd amnrt* 
f i«talii I n t ^ aaat wui^la waa datavmMad and az^raasad aa ag 
fx*atain i^ ar nl* Ska Sjj^ aoif ie aatlarity waa thm aalaulatad aat 
fxnita ta i tar V/ j | i 
%aaifis aitirltar s MInriMMIla 
» isiita f aatoir T/ag pratain 
3|^aaif ia aatl^ritir ^ f astor Y waa aaleuUtad fioa ^atli tha atandaxd 
evapf9^ JkINt ^^^ "^^ ^^^ ** iMsaar i^staa ani with tlia agad aaaa^ 
ayatao* Batli tl&a atmadazd ouzraa wars pr^arad at tlia aaoa tiam 
umijog aaoa raai«ita« 
fisk9 pifapaxatlans witli leaawn spaal^iad ap«oifi8 aotiTitir waia 
utiXisaft for •ariatia atiidiaa an taotor t, a^f»> (1) aatian af 
thsaa^ia aa f aatar f t ( i i ) gaX f iXtmLtian an Saphadax O^OOf 
( H i ) asdisantatiwii aa«tf iaient an awajftiaaX nXt2«#^antritnga 
MadaX % (£r) aoXaemlar waiifht dataraiaatian I9 aadlaanlatldn 
d^tuaian aatliadi (•) auaiTMa dasaity ipradlant aadiaantatian analyaia 
&n, ppaparatai^ uXtxaaantsrIf iii^» ( T I ) aaTiag liaaaftzsr aXaatsapliaraala 
(Ti l ) Sana aXaatraiOnaraaia ^n l^arikan, ^ta* EaXaranI dated.Xa 9n tlia 
aathodoXagsr af d|ff axaiA atudiaa aa atatad hsm %mn daaaribod In tha 
Xatar asatiaaa* flia BMi fraatlanatad faatav ? waa taatad for tha 
pr999m% @£ athar aXatting f aotazv aa eoalaaiaanba^ but waa f xwa 
at aXX atiMF knewn f aatara* 
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AfttiTfttloa of tMt&T y witli oombXo t&goa :^^ i ISirom i^a notA 
for A t^iiriKtitti oxporliBiats wm further purifl«d ohromtogfftidiioaXSr 
fro« tOflitiiX ISireslilii (fazteo D^rio and Oo«) aooor&laf to tho dotftiXs 
dooor&lod Xn Olia t^or II* 
flm purif iod firaotioao of f aetor Y laiflcriiig h%0k opoolf is 
ftotlTity wort oororaXSy troatod with y&xyiMg units of '^rofflMVj^ 
f aotor T« AXiquoto woro talcoa oul; at iatowaXs of 0« Z, 5, XOf XS, 
30« 4dt dOi ?8t ^f XSO Bimitoo and woro aoa^ orod for fastor T aotlTilT 
Iqr j^fV-troatod aad agod-^ pXasaia a9aajH«jr«t«fi»« 3iliooii#-oeat«d 
gXaoonraro or pXaotXo tuboo wort uood tlirou#iout ttM aotiTatioa 
oxporiooaty to aroXd l&e adaoxptioa of turoabin on gXaos ottzfaeo* 
QoatroX oxptrXnealMi wor» rua oimiiXtaiioouaJiy using tris buff or 
pB f«3Q in pXaoo of tliroabiBt ko^ing tlie roat of the prooeduro 
othtrwiso saas* 
]^r^tioiiat3^i| ^n 3otiiiado» <^ 2QQt Zn an attoi^'l to larostiiato 
f urt&or into tho pwPiMf of faster V azid to probo Into tho also of 
tho aoXo«uXo» %ho aostt aottro f raotioas aftor ^ o OOXIUBH ehroaato« 
graphar on DMl-^ oXXuXoso wars pooXod and ooaoonlratad ^ osatsis 
ai^ diaaysis using a 101^  soXutioa of PoXyvlayl^yrroXldoao (PTP) 
in isotoaid saXinOi pH 7«35« fh« ooaoontratod sas^Xo eoataining 
SOag protoia was put on Sophadox 6»S00 (fhara^ola^ ^odoi^ eoXuam 
30x2«»o« aooording to i^ orath j j j ^ <X989) aad was oXutod with 0»li| 
aodiua ehXorl4o« pH ?*S0 Into %J^  f raotioaa on a Qm autooatlo 
f raotioA ooXXootor* 
Botoraiaatioa of 3odiima»atioiM>o«gf ioioal of f aotor Yt ^ o 
sodiaoatation oooff ioiaat "s** was asasixrod dirootly by using ^o 
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aaAiiMfltatioa vaXooi^ Mtlia4 ia an aoajjrtioal ultraaanbrif a^i 
Spiaso liodaX S» flit saAiaaulafioa aaaff ioiaid aioaaiarasaxita ara 
xalatad to Idia alsa and aiiapa of tlia sioXoeula aa& axa uaod to 
atfHijr tha ptirity of a aatarial* 'Sha mmpXm of faotor 7 to l>a 
taatod «t uXtjraoaislrlfia^ wara dia3^a«d oraral^t agaiaat 0t$J| 
•aovaaa iA altx«aaiiti^txga buff avt Psatain ooatont aaa datai^ * 
ttlaod at SSOsHi and aaa adjaatod to 2»€0mg/^^ for botli ao»»trtatod 
aM '^»>ii^lii-*traatad faotor T« for tiiroaibia tr9atiHmt| faotor Y 
waa aipaaad to S HI anita ^rombia/ia^ faotor Y for tan miaataa 
at 91^0 and than pasliad oa Aidiarlita 0&»dO tjrpa XI ooluna to roaenra 
thraabiAi ao tliat axaoao tluroabin atleka to tlio ooXuiBii* Both 
f aater 7 aaaplaOt aom traatod and thrwAhlm traatad waro puahod 
thr^M^ ai^orllta aolama, uader ai«ilar aoaditloiu prior to dlalyala 
B.sA protain datannii^tleii. Sha dia^arsod aaapXoa wara plaoad la 
tlia oaairlfaia oaXl and mt uXtraeaatrifaga waa oporatod at 
5<9 100 rp» at 80^0 fhotographa wara tajMa at a l ^ t Mattta iatarraJju 
fattarat waro oooaaaioaalJy oaeaainod thrott||!i tha rtmim oezaaa 
durlag tha aoaalaratioa of tha rstor« 3is platuroa wara taic«a aad 
thaa tha mltraoai^rtfti^ waa aJlOwaA to atop* 19ia photograiOiio 
pXataa waro opaaad and daralopod* tba plata waa Icopt ia tho 
daralapar (B19) far foar to f Ira idJiAtaa with aonetaii^ fl&aldLag 
of 1^9 diah or pXata*aioal3r« At tha aad of four aiautaat tho 
plata waa traiKf«zrad far oaa mlimta la 4Q# aoatio aoid and than 
for tan miautaa la ftsar and finally la rumtag tap watar for oaa 
hour to Sit rid of al l aalta* fht pXatoa waro riaaad^ drm and 
thoa ^ t traolag of tho poako wara takaa oa a gra|)h papar ^ aaaaa 
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of an •lO.argtr tor aaldLag oaloiilfitioiw, flio 8«diBi«ita1iioa 
998yitaii6» 9f «ha frdtitiii p«a]ai wors oalotaattd m&otiing to tha 
faxwaXa (a^aa^wa 1999), 
» at .1 ni^ . •• TS.... «iiar«» •*•" la t&a 
tadiMStatloa oogff ioiaol, '•w* is tii« aagiOar Yslooily ia ra&iaai/ 
sssoa^t "x** i s tiis distaaos of boujadzy ia Ssatiastsvs froa tlis 
Gsatar ef ratatioa to tixo peak of tha OUSTS» "t** i s t^s tlas in 
ssooa^a for pliotograpHa |ai»a* IQie xssuXts wars tUsa sxps^ssssd 
^ ^39t hM09 ^sdbarg ^ilts at ao^ Of by wuatip^ jf iag tUs yalass into 
i«08 in 9Tik9r to ooxrsot for ths Tiseosit^ of tbs bufforsd asdlma 
mtA ia tlio rtsi (iS^s^^sJ^g unit, S, m laclO*^Vssooiil/dyas/g • 
for ths Saks af siapliaityt an saay asthod was oftsa a&sptsd 
for ths aa3oixlatioa af 3go i s ths folXoviag waj (Osbrat 1968), !&e 
distaasaa of ths raspsotiars psaks la Q«# I X| wsre notad as dosoribsd 
ab0ra and ths ralass of leg x wars plottsd on ordlaata against tha 
rsspaottra t las iuiarfa^a "t** oa ths absaissa* SIis aXops of tiia 
straight l ias was oaJaulatsdt 
log X « iatsrospt 
Slaps m mmmmmo^ltlmmm 
tias 
&.tA f roa ths slepss» ths Talass of ssdiiBsatatioa ooaff ioisat wors 
sofliptflssdt ^ « slope X 11140 COebmt 19S2)» 
oosffioifs^lfi She oalesular wsi#it of f aotor V was oaloulatad tigr ths 
aethod of Ihrssberi (1937), 1Qi# o an6rlfugatloi» was ^&iiormsA ia a 
Spiaao Aaal^tioal Ultraosatrifugs^ Model I« A adotor shaped 
osatrlfags os l l was si^plsfsd for that purpaas* fh^ diffuslour* 
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oaaff iolaaci W «»• aa29u3jalad tvom the Sehii«arazi pattern a^tala^ 
Ikjr %lm MxiaaX ozdiaata axaa mthad, Biff ^ioa»rua af f aator 7 
vaa paetaxnad i& t)ia f alloirijig wairt Haa aiattratad faotair T a;ftay 
f fMtlaaatiaa f ra» DmiwealllLttXaaa eaXuna vaa aaa9aitlirata& and was 
dialaraaA enraifaili^ t wini ttXtrasaxttrifuga fliaaikigta l>uff«p 
i% w 0«St fH $*8) la 0«3H atioiraaa* frataia^aatwtit waa aati»ataft 
at 230»i and 2*<0ng waa uaad fas* t&e diff^wlaa rua la a ayalOiatia 
l^ \a«la7jr aall» aad tlia diffuaioa vtia «aa pavforaad at 9»341 rpa» 
fk9 ptiatagvai&a w«rt taleaa at a i ^ t alaata iatawal* After ^ a 
ap•satiaa tlia plate warn taJcan amt and dafaXopad aa daaorllied pi>a» 
•laual^t ^ a peaJea ware traded oa a ^apli paper ^ ataaa af aa 
ealarfiar* f^a ^aaa liae af a i l tHa paaica waam draira f zos tlie 
aaatar aC taa aalillaraa Ilaaa* the haigUta &S the peaka ware 
aaaaarad la oeatiaetara and aiartad aa **&", All the pea)» ^999 aat 
alaag ^ a traoia^i aad -^ 30 wei#it of «tah peak waa takaa ia graaa 
aoai«att%* ^ e v^^ lmaa ware appreziaataly tlie aaaw imt the 8r«;«ia 
af a l l tha Talaaa waa ta]i»a» fhe aTeraga wai#it aC poaleat la pmait 
waa oosfarled ta attea* fmm the a^mraa mk the graifeL* ^ i a area 
^k** in **ewi^ «* waa divided hj tha haii^t %" la on«f mat la f,„,fe,?^ ,^ • 
h (aa) 
fhea atvara waa takaa (AA)^* Oa anather ispapb papery a plat waa 
»ada %gr takiag (Vk)^ aa ardiaate aad the tiaa ia olaataa ''t** aa 
the a%aaiMa« llhe aiapa waa aaaanrad aad -ttia ahaarrad diffualaa 
aa '*Paha'* waa aa3oii3Atad ^ l^e fanmla (mraahergi 1997) 1 
D ^ „ „.,!,!^ !...„.„.,.u t wh«pe f aator 80 x 20 aarraapeiida 
dOCd"]?) SO X 80 "^ ^ aaxreatlaa f or aaiaiJtiaatlaa 
n?i 
thB DIffttaiezt OoiCflolazit **!}** waa oalaiOataA Igr tha foraola 
wiiax« ( •ZL'S.J,,., « 1«06) ±a th& HmmXty af t&a aalTtafe 
au^ <*^H-«—^ ——.-^—) i s tisa f aator aozraapoiiliiig to ^ a 
•iaooaltsr of watar at t^ ralatiTa to that at 80®0 ai^ taq^z«t«r« 
oorraotioa raapa9tl3ra3y» SIta laalaoulAr « a i # t "i^ of f aotoip T 
waa aaloulAtad awa^sSiiiiir to tlia f ora»la i iii^alMrgt ladf) i 
*(P<l4M*<NHI»'<M>Mi*«V'*ia<*I^HIt 
1>(1 - f/») 
wHara M » 8»314 at W^ ar«i/oVa©ia, t « 89a®K , 
- ^ partial 
(1 «* T / 7 ) « 0*S3St T ^alag t^/apaolf 10 ToluBia ai^ /? tlia 
damlty of l&a aolvant* 3^0 t&a a«4iaaiitatlo3»-09«ffij9iaiil 
oaXouIataS aa daaorlWL aarllair and B tliia ^iffualoo-ooaffloiKit 
datarainal Tsy tha wtied gtraisi a^ara* 
ma^ oA ia of eaaaraX ai^Xioatioii for tha tlatiaot aaparatloa of 
oulwttaaoaa* f&a aliola prooadiufa ima eazriad out at %^^0, ^Daaaity 
gradl«tt8 waifo appXia& to pravaixt alxiag In Xl^ tiid ooluana i ^ l ^ 
wara uaod for ooaa amlyaia %gr n»aaa ^ eaatrifDgatioa* fkia 
sathod waa tf adiraataga aiaoa i t oould ^a oarriad out with r«tf 
aaail ^itantltlaa^ of aat^lal* 3ta&lllsisi; daisiaity gradlaat of 
aiairoaa 1 ^ aad Zf^ la aalloa waa praparad wlt^ tha Xlaaar gradiaat 
oiKiJig darlaa of Book aiid liiAg (X934) aa iiodltlad "kf Bjdttaa 4 
no 
JtoHarta ilMO) f i g . l% ma l«r t aHaobar ka& %*$j^ af I2i twmm 
i n aaXiaa aoel tua v%g^ aHankasr HaA U^JB^ ^ 8a# auav^ aaa ia atOliia* 
ACtar f ilXiag aaA atarllag af taa aiad.iig iaat«r« tua amtar raUdi 
waa a^aaad and %im aaiit tublj^g waa turaad 4awii ta to^oli tlia a^a 
af ^ a tu^» S&a a|jca4 8\mv0»^ aaXutloa« t&aa raadavn tlia wall 
of ^ a tm^a* !&a tu^aa waira Aida of aaft poajr^ana ai;^plia& lif 
"apiaoo^t tapaaiaUjr for ^jyt ptirpoaa* i« i^ typa of gradiiwta 
wara atabXa for aararaX liotu»» 
f rolaiii ooiaclaiit of f aotor 7^ aoiMbotlaratad and ttir^a^la 
traataftf "nw aftjuatad to aa«a immiitat aisi i t «aa Mapt at 4ag/al« 
fliyoAla traatad waa praparad bf ai^oaiag faster T to piara t&ioa^ia 
and pm^iag throui^ Aaiborllta 0#»90f typa IX oolaaait m daaarl^d 
priTloisal^^f to raaeva axoaaa of throadilii* ^ l a prooadura waa 
aftaptad for botii tliroatbia • traatad and a&a aattratad faotor T 
for tba aal» 9i naiforsityt 
^m^ tuHaa mmh auoroaa ^adiaata wara uaad aal 0*i4iSk 
aq.a£ra34iii to 400 aS^ro^raa protaia of aa«J^  faotor Y waa laorartd 
&9m}^ oa top* two tubaa hiA i»»»traatad wM, oaa tuba Mid tUvoabia 
traatad faotor T* fha tubaa wafa laadad iato tHa praooolad 
awiagiag booleat rotor» (Spiaoo 0 39) aftar lagrtsflaf ^^a top of 
aaoh ttiba wltli XlttXo alaaniX o i l to srold t&o oollApalag ai Hia 
tubaa durlag oaatrlfugatloa* Tka oaiArlf uisa waa atartad at 
40§000 rpa for 340 »laa, I^saadlataly at t&a aad of tha rti% -iiia 
tubaa war» m^^ l i f tad out of tlia retort anl «9uatad oa to a 
dorl9o wiilsh parforatad tlM bottoa of the tuba with lurpodaralo 
U[ 
f Reciprocoti 
^ platinum st 
ng 
stirrer 
.Lucite 
Centrifuge tube 
fig, IT. 
sSlSSftl 
i^Mli 'jPraitiimiSiiii^lij f ip^sBSwiilff lXif 
%&^m 30l«ftd« iPJO. l a ^ t 32)1 I*ft i&aii6i«f 
oontftiBtd iSiP mvmitoa^ In 9a l la« axid 
%h9 Ttt^t 22^« 
U2 
f M t «f a i r ¥iib^3.*»i t ^ dosl«i£l« «f %h« ttiilMia w«i« eollat^td iQr 
donating of Ax*9p« i& twan^ f iwrftioni* In •aeli f VMtton (8 Avsps) 
9Mt«iA WM A«%«»iia«& ^ 7oXiii*0 Mthod (3^^ P i t . ) aail faot99f 
Mt lT l f y ligr tut ai'klio& of 3t07a»vi»a (1987)« 
of aaaiiaotlyaloA f o«toir f » af tor f xsotlooatioa f vos tlio I^ BiUk 
oollltjoo oftluBBit wa« p«3RronMi& to toot fov aaotl&or oviioaeloa of 
pnstlMrt torilco&t a poajrTijQQrX-olsiorldo aoAi%ua was oa^Xof o& as 
aosovtHts to 16iIlo¥^£boiiiax4 aztd SuainX (1^9)^ f o? tliio |>uxpo«o« 
ForiJBBii AM not iatoxforo wltli aar ^ tlw omiiootaosit ooXorisotlSy 
SpootVipliosotrlio OS" MoXogloal asoaaro of aotlTo ooapoiiffiito* Slio 
pi^opMiatioa of tlio maAimt mm fo^toraod ao 4o«eri%ot for stanUi 
t>X«oli oXotiero9liOS«oio {tiinkm^ 1984)* fovileoa partlolos w«Po wmM^ 
w&tti ottrosaX TOXIBMS of aiatiXXod wator ^ aoliaoiitatloa 8a4 
dooaalNitXoa aaA ttioa f laaXly wai^o4 w i ^ ToioiaX M f «r« fB d«6 
u • 0#@9 i&o ooid^toXil mtoipiaX mm vmmA «» a y«»itiMiitXK|t :. 
24011 z don X loa. flio ow^aoo was miforal^ owietlioaid % aoaai 
of a lUyslwX opatula* A^ooz^osl fapor wioloi ( toKa) woro pXaioA 
en l io^ omlo of tHo f Xato hti&m tho oXaivy was pott^ mdl, Slio o»ooo 
of XX i^iift was AzaiiioA off t^xoufi^ tbo violoi and tiio iPoot of i t 
was plokoA v^ 1^ f IXtor pi^or or toXfa pais from thm ourfaoo of 
tivo bXoolc* f aotor V oozi6aXalag 31«0ilg of protola was alxod witli 
sotto soact^oXM porUeon aad was pXaood tinlf orMo3iy l a a *otcl aroa** 
$ oas mmy fron l^o oal&odo oa&t 0«5^ aomaX huaaa pX^na was aXso 
ii:^ 
run along oaa sMt to looaKa m» tmtor V aAtJarity* &• %U9k warn 
plaoad la a oolA i»»9tt a% 0^-4*0 for tuirty aiaataa t® atulU^raia 
wlttn wjbsica 4j^pl2ig ia iniff «r tanln aaeli 90atalalii« aaarSgr ^ a 2.1l«r 
Taroaal teff ar ^ i«6» ioaio atraogtii 0*1 i>m«a tha attiillV^rattiaa 
paried waa avar* ^ a ouxr«it waa a«ritol»d o% ana a fotasdiiaX 
graAlant waa aat at X2«9 •olta/oa tha aXaatroi^oraala was aUawaa 
to Kua f 01? id iieara* At tha ami of thia paaftoA* the otunaat waa 
8wltaha& «ff f tha wiala wax« raaarad aaA t^a ^look waa otit into mm 
oaatiaatar thiok aXioaa 1^ aaana of a apatu^ A aaA tlia alioaa pXaoai 
la la^Xlai oaatrlfuga tubaa« ooalalalag dg| sallaa la aadli« f&a 
pifotala §$% aXtttaft la aallaa &vA tiia vaaMiia waa raiaorad HQT awitrlf* 
f u^atlaa OIP flltx«tloti* Tk9 aii^araata aaa tmkaa fox* f a9tor ? 
datamilaatlaa and pfotala aatliaatioa ^ abaoirlKiaoa at J^Oi» la a 
laalcaaa Bi Spaatxop&atoattasr. f aotor ? aatlrlty la •mh f raatlaa 
waa aiaaaiara& and ooarajptad la ualta/flf wniaii waa pJLottad oa a 
Xlaaar grai&t wllii nalta/m3| oa oxdlaata aai aaafelaataif tlataasa 
oa taa alMMilaaa* to olitala a f attara of plaaiaa protalztat aoraaX 
borlaa plaaaa aa x^^faaoa ataaadazd waa txaatad la a alialXar wa^  
and pretaln oontaat of aaaa alloa waa detanslaad at SiOwi aa ^m» 
orl^ad aboirat fhe optioaX daaalt^ r of pifotala rmvmm ^ a dlataisa 
la oaatlatttara waa plotted oa tha s«8a gmpli psLpBT to Xooata 
f aetor V poaltloa* 
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mimm%9mmmu fatt^sm &i Faoter T ea BBAg^<Iim»s<n sXntioa 
9att«ira «f aiMh»«dtiirat«d oruAs f raotida hm iMtn^  Krpieally V«93PM«IX««4 
la flm* td aiA 1S4, Frot«ia 9ottl«Bft« of lOi* •laatm w«f« hlgHtr 
la tilt •ayHtr f xttotims vfhUM 1&» f aetor V aottritgr «»* dl«%7i%ai«d 
aa9a« tlMi 3lat«r ta1i««t thus zvsoXviag faJjfJy eXospfl^ r tli« prottia 
ooataladyME 0di^ p9a»al« of 1 ^ er»l« fraotloa from %&• aotlTt «9%9a«a6t, 
HM •Xtilitta Toltia* wltJi te<ria« tmtov V for tlio aest aatlTo f raatlAaa 
was wro«Hl SOO-SdCg^  of the toUml •luting iroXaao of 40C|^ DiatrJU 
biill#a of tlM mtkwltf aooayoi feor t»dt& tlM aolOio&a «aa olooolgr 
oo%ai*a^ Xa« ^ o oajotioa TOIUHO wliii nanaa f aotor f wa» ^otwooa 
K^ Vfoolf la oatlTl% of picrif iod faotor ? rariod froa oao 
px^afatioa to '^o ot&er b^r vory oaaU Haito* iioatXr l^o i^ oOSf lo 
aottrlt^ ^ ouoH parlf tod f vaotlaas vtmA to %»• arouad AOO^ ItJO aait«/ag 
protoi% at oo^^arti to ttartiag plaaaa vitb o*il aaitt/ag prottla* 
Xa toat prtpar&tioai t&t tpttSf ie atttrity «at ta ht0k at %QOQim$M/m^ 
prottla oo^^artd to ^ t patttra of tlit aoiMintlvattd ar«dt f tttorf 
throaliia totlTatioa aXttrtd tlit tlatiaa patttra of tlit asttro 
oot^oaaatt* Aattrity ia nmh oaata wat dlttfllyaltd aaoag tarXitr 
tu¥ttt t&owSag toat tort of ortrXi^piiig w ith prettia oostaiaiag 
ooapoatatt (fig* X9)» fh.9 tXatloa TOXUB* of tat aotlvt ooi^eiitatt 
(boria^ of tlit tiiroaliia aetivattd em&t f aotor was arotiad lSO-»ZQ0g^m 
Xa ordor to ooaf ina ttiit 4iff trtist of tiatloa-patttra littwtta lait 
two fomt of f AOtor Y^  a aixturt of tat aottrattd aad noa^aotlTattd 
prtparatloat wat pXaotd oa tht ooXaaa aad tXaltd la aa IdtatloaX 
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taahUam Mm S M U in f ig« tlQ mm w two poaks of f a«tov T 
ftstlYlt? oanrtApoa&iag to t)io pattam on* we»M oai^ott f XOA 
^ i« i . i i and X9, 
apfoaJTod fz^ i th0 f i « t Si li&owiiig t&a f raotioaatioa of f aetoi' T 
oa a-4i00f tliat tliavo «ra» oaJy t&* adtivlty poale vl&i^ oaao aloac 
tlio Imlk of protoia la tlio oarlr piprt of tiio fraotioaa* ^mm did 
aot appoar aur o t ^ r pmtoia or faetor T aotlrit^r paaki oroa aftor 
aalag «oro»aX hold iip Tolaao* of tlio off l«wat f laid* f r^ t tlia 
f attorat i t appoarod tliat f aotor 7 was lioaoitiioas aad aiaso i t 
aaao «itki tlio protoia la oarS^ r piurt* tlio aoXoeaiasp oiao waa aapoaad 
iSS or alMiro iihiah warn o&nSXrmsA ia aoro proaiao aaaaorf roa t i t 
DlffaaioiMJoiff ia i ia t aad OOIOOUI^ KT ivai^it oalaaXatioat doatvlliod 
i a tlio iator aoatioa. 
f aator troatod wi«& taxoaliia aiioiiod aa aiHaasod oXottiag pot«i» 
V'wMiaHiMkw ^ w aoalopomi ^iF^w^^^a^ip 'w •^ PWlP"aMwW"'w ^WOBR^JRO^ W TII^^F^P^^^^ <wapi' .ipaw^p * • " " aaN^^W' ^ O B M ^ ^ ^ ( P ^ P ' W 
piaaaa oyatOMi* Ooaooai^ratioa of tltvoa^la waa adjaatod oa tlio 
iMtaia of i ta off oot aa a biaak t i t ra t ioa toat witli lyaff or iziatoad 
of laio iaoXatod f raoti^ei asd 8«3^ imita/aX of tliroabia woro tmxA 
optimal for tlio aigalfioaafi oiiiaaiemal of tbo aetir i t7t i^ owor OODN* 
aoataratioaa woro aot Toiy off oettro i a aotimtioa whiio tko hii^or 
ebXitoratod tho diTf oroaoo botwooa tho %%&xiik and tHe toat* iHirffalii^ 
aetivatioa of tho iaoXatod f aotor waa of a Tory ahort daratioa, 
and i t roaakod ita aaaclaua poak ^twooa f ow aoooado to two aiiaitoa 
Vil 
af t«r i t s aAAltion^ tbm AmUrn^ to mmh ifft««li9r «at lammf TalmM* 
1!]!i« aaa* fftttsrn nm «%%alii«a wti«a thst a n t t r i t y mm mmyA ^ l e m 
assaor •ystttai ('iir* S2)* fbls apparsal iaaotlTatlott eould %^ t k t 
7««uXt ^ itt.tli«r laadtlTation of the a9t£r« tm»ti»n ^ iai0«is 
thzoatola* fli« 4iff •r«at pattexmo ol^aiatd with pXa«sa or oxudo 
faotora (muCfaotloiiatot oru&o aold prsolpltato) and wim tho 
f raotioaatod " ao t^o f xaotioa" whon aettvatod with ^ o aaao 
%ttazilit3r of throal^ia iadioatod tho poaail^ilitj as pi<op98od« iholo 
pii#aa or erudo aold prooipitato* h^iz ig i a i t f ihrii»@«a ao eoi»» 
taaiaaoly did m t n^ow tho rapid inaBtiration af t«ar throa^ia 
ao t i ra t lo% poaoilil^ 1»«0saiae tlWia. f ofmad i a tho proooaa of 
aotlgration roao^od th« vmwm of liiroahiiif proteotiag laiorol^ tho 
aetl:ratod fraotlozifroa iaaotiratiozit Ilia aal t preoipitatod 
aooolorator faotor hetriag hoazi froa froa f i h r i a o ^ a proooatod a 
pattorn of throahia aot t ra t loa f oHowod ^ rapid iaao t t ra t ioa as 
iiataaU^ proooatod tsgr ohroxmtograiihioalljr iaolatod fraotioao* 
tiaiag tho proparatioa of gr tatoat pvaeiMf^ tho off ooto of '^iroa^ia 
woro a ^ i a osEaalaod* l a fig* Si io oooa tho aaikod aotl^ratioa 
hrou#it t^ aixiag Isil^Lly paro f aetor T aaA throahia whieh io ^iroo 
t iaes ^ a t prodistod Ixy the auamatioa of off ooto of thoao faotoro 
indiYJidtaally. Hodor thoao ooaditioao tho aotuaX ao t t r i ty ooiHiimad 
to oxoood tho prodiotod aotiTitur oroa whila doeXialag oharp3y, 
fha groatost ao t i r i t y porsis to f o r X«3 aisutoa, tho aoat e r i t i s a l 
part of tho olot t iag prooaao* TUQ f raot ioai with low f aotor V 
aotiritjr did mt show aay aarkod aotiratioA whan troatod w i ^ 
throahiaai aboro* 
1^ 2 
7 0 -
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FRACTION 
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Period of lr\cubolion witn Thrombin 
iMMsJL* t^etmimA%90^ thW9m$A mm add^ d 
l i f l f S i a wt i«Ql»t«d f aat0r f and tit* 
mixiwe99 iiaulmttd at 37^ CI« 4Xl%mat« w«r« 
taStmk. out at iiit«zvaXa aM a«iay«d for 
faot#r 1 aetiYlt|t for aoa r^aX* tiiamaHia 
mm added to ttuTfer (wltMnut faator T) 
and treated ia same wagr m ^^9 test 9mt99» 
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ACTIVATION V 7 THROMBIN 
^ 300-
i. 25C-
s. 
,J 200H 
150-
100-
5 0 -
0 
Exp«ct«d 
~^^__ Summation 
1 
5 
MInuttt 
10 
?ig«SS. Amtismtion ej ^^axmm^-maeaxkMi 
g^Jj&m aM -^9 mpsMwem ef -l«« •* W9r9 
i2idul»at«d at 37%» AXlg>«idt8 W97« v^mivwSL 
from mmh »9t and a089^9& for a t t lTi ty 
in apid a3r8lt9m« l9SiiXt8 ar9 mspwaai^ ixk 
f aotor T imit«* AetiTity i a %h9 i»ixfeU3f9 
appears slgziif iaaat ly hX^^r lOian 1;h9 
physidal 8unDia:lioa dT iadlTldtial TaluAS* 
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QiJtmt «rU«ii9« «r tut p99%90l9^i» apJLittiog «r tm%9v ? 
Jty ^mm%iM ham alto lieea o^aiaad. 7alil« 7 ah^wi t & ^ v^aa f aatar T 
waa lasulMiliaA wim i&soabia at 3f®0 fo r tw© &oara» 1ii««i waa am 
iaartaaa i a UMI t r i^Iaraaaat io aald (fOk) aalubla, #9ianlo altsogci^ 
f raatloa la «^a aup«raata« 
fiymi Ti mmwiXBiB o? FAOIOS Y »y laBOMBiii 
iMNtlttrataA fast or 7 (70 ualta par al) in* 
«iiNia4 t r im throabia (XSIH uaita/al) at 3#@ 
im t toa, Eaaatiaa atdppad «i1»i f AMa (O.lil} 
liii||in^g alaeturta taetx^tttd wilAi 10^ t r l -
fi i l ifaaatio aoiji* Sttoaraata aatiaatad fa r 
0fmm» aitrogaa ^ aig»atiaa aaA /i^taalcrl* 
iiiiHi KW III I l — w i > » l » > i O i » — I I III I .ii—»»»««i—I III II iiiiw will I im III mi l i ftinin >r i » mii iiiiiiininiii i i i i i i i .———*i i nnni n i x — — » 
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Sat 
:rdat«»iaoulmtioa 
f aatar 7 aat i * 
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fast^imu-
Imtlaa 
fibrlaagaa 
«JLattia« 
t i a t 
l l t r»gta 
•oataat i a 
t(U aalvftla 
aup^raata lag 
•i i i*<MMN«* 
3 
tiufoai^ yHi ftflpa 
laaalMriMi 
f attar f mA 
tbraali^l tAXi 
aAdat ai%m 
iaau^tioa 
Xaaotlrata& 
faotor 7 (^iXad) aad 
thnsB^lat fAJIt 
add ad aft ar 
iaouitoliaa 
to Ba olot o«sd 
> 
s 
1,31 
0.8?B 
•,*mmmtmmm»m 
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Aa i t aouM ^aapfaraat f voa fha ta%la t ^ t fafttar 7 aatlTi^r 
la tlw ai^^lBaataX aat 8 waa 71!) tiaaa hi#iar tHaa tto j^ralaou^tiaa 
laral ant aoaa orgasla aitrogan (f3A.«aol«%jU) appaarad la tha ai^ax^ 
aata* f i^riaagaa alat %iaia aa imdioatad ia tba taliXa wouM abov 
tkat tbara «aa aa raalduaX tlumaliia aa%i-rl$y f eXloaiag S |yp| i»* 
autoatlaa fa aaaouaft far tha aotlTatloa of faator T» 
Bviaa axp92la«!ita aliaw olaavljr lia^ at tUffoakla a2.tara «ia 
pVdfaytiaa af taotar T and fast is T la aolsiiratad )gy t&ia altaxatioat 
Statik ttttlratJUia waa aaaa ragalarlr* whaa tlia apaa if ia aatlTlty af 
tba frat'liaaa aX«tad from DBAS wara «acaaiaadw fha %aat astlTatiaa 
aaaa waa alaa fo3d* Hia diff Isixlty ia r^iraduaiag aigaif laaa*:^ -Hia 
ia^raaaa la aattri^ a&y %a ralatad to ita ti?aaai«iii^* Aa ali^'t ba 
aaaa la fig«22 t&a i^ pparanife aa'll^ratioa of f aator T ia tiltar^cl w&ia 
ataaarad la parlf lad f vaatloaat tram that aaaa ia whala plaaaa* 
Bmh aatlratlaa la alLaavSar aat diaa aalal^ y to tlia ^faot of tiiiroiitela 
oa tte aMajr ayataa alaoa it ra<ial7aa faatov T for ita aoiipXata 
daaoaatratlea» A ooaaidaraUy groatar attlvatloa ia aaaa with 
piirif lad f raatlaa that what la el^aiaat Ir tha addltioa of thronhia 
to imola plaaaa* lowarar aa dlaauaaad ah«ra tha paralataaoa of 
the aetlYatioa ia Xoagar ia whola piiaaaa* 
l^^ayl ^ ^^m n^mn^y* itabUlty of f aotor ? waa 
f oui^ to ha ooaald«rali39^ aifiiaaoad isff tha fulditloa &£ auoroaa* ihia 
waa partlouXarly le^ rkad durlag atoraga of wrvAn and pitriflad fraa* 
tioaa 1a^  f raaaiag aa arldonaad ia fahia 7Z« fha addition of ausrooa 
to a ooaoanlratioa of 0*3I{« raaulta ia eoopXata praaasratloa of 
oatlTity at •20^0« for aararaX noslhat 
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faUa TX 
mmmAfwrM SAfA of siff saait mmmfMs Ammn OH ^mwn r 
•Plaaiaa tilutaA Isl with Boffaip to girt tha f isal 
atrancpi aa ia&l0ata4 agaiiial aaoiit kwt psaaavrai 
at «4IQ^ @ jfor TassrlJag paxlo^ and aaaay^l ^araaft^f 
f s«taattra aftsl 
a^plar*^ 
OXatting t j«a a^taiaad oa 
S«pa dii^ %$ 4,ay 33 day 
8«iaa 
Siiaxaaai 0»3i! 
Staeltmm^t 0*3M 
IjTlaaat 0«3M 
3J^ d«roX« Sf^ 
aXya^palt d(^ 
37/?3 
33/63 
31/g4 
31/66 
39/69 
7S/101 
41^98 
64/3-03 
f 6 A i o 
43/90 
46/88 
77/110 
46A0l 
68/109 
^ D l l 
30/99 
61/92 
m» tabla t l ladleiataa tba aaapaxwiira data aa ta tlia 
prataatlra affacta af dtft^raat fl^^anta am t ^ laaXatad faatar ?• 
flia faatar T waa ktpt froaan for t l^ pasrlad alMitad la t&a taiila 
aM «aa tHaa aftar aaaagrtA ^ l / ^ dlXatiaiia af t ^ fFaa«Pvad 
aaB I^oa* flia raaiata liara Iwaa «^?raaaad la tamia af aaaeoda 
takaa IQT XTM aaaaqr ayataa to aXot* fba TaXaoa la tHa immfratoF 
ifapraataat tlio data witu t&a Sf T ayataa and thasa la tHo daaonl* 
aator oa t&a olattlag tlaaa wlti^ L tbo agad ayataa, 
ma apparaat protaotloa af f aator V ^ soaro^a (0»3M) la 
@o%ara&Xa to tbo affaot of 30^ ga^ oaa^ ol and tbat tJala protaotloa 
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i t not Am to t]ae pemmtlsf ^£mt of iootoaio wmmm on t^« 
plat«l«t» miiti tlio ^itimlm pXaaaa was u»«4, 1« tmrnn 1^ ttao oosCizu 
nation «C t i i t pwrloiio o^oorratlem «it& iiniXBtod f aitov 7 «« 
iaiJuQatoA la tlio ta1»Xo, SQu® tabia iwethat m&m tbat tHo ttrnwom 
protootioa la oaly aviiaiit mmn tiia 3 ^ pJ^ aaiMi aystwa ia uaoA f O:P 
tha aaaa^ at tha f attar V« Wixan tha agoi plaaaa ayatam of 
atoamorleaii (]^57} waa an^ l^o '^td for tha p^x^oaof tho protaotlTa 
off aot G£ anoToaa oo i^M aot %ti wall daaoiiat2«tad« fhls liat teaait 
toflf if«tA % tlia raat i l^ rapraaaataA la tiia f l^r&a 34 ai»l SS 
aaiavo t 1 ^ taator 7 ooatttita of tlia f rM& aai& tita leapt oirar tai|^3»t 
«ax« axpraataA at ttaa&axd omnrao witk gratad <|uasiitiaa of t&a 
f aotor t la two aatagr syatam* Wi-^ tlia B;7?-»traata4 )[^ttaB« t ^ 
stxiroaa oeslalaiag aaisplaa rotaiaod tlm ooatlilaralila poTtioBt of 
tlia orl^iiial atti'ritir 1»ut ma agoA ^ataa oould aot Sataot a i^ 
t igalf Itaat t i f f avaaaa ^ataaaa t&a aaoploa wnitu tliowad a aigalp* 
f loaal 4iffa«aaoo *nh tHa Xoaem^ ^rataa* ^ a tai^Xai of fattoi? t 
aot ttiowiag ttisy diTfavama wita H M agt& t/«taat vara taaa aotiratod 
mxm pvaeMUA Hiuemkisa^ at 7^^ @ aal taa ali^aott at ^iffoTaaai iat«h» 
yala ww aattgraA witu botli I f f plaaaa aaA -^a agad«s>laaaa ^atOHO* 
for eo^^airlaoat tHa alal lar prooa&i»rot varo rapaataS with plaraa 
aan^lea aa& laolata4 f aotor 7, faa raaalta eufo iadiaatad l a -^a 
Sabla 7X1 aaA l a tho f ig* ^« flia ralaoa oa tlia muBarator ia tlia 
tabla ia&ioata raaiAlta witk tba HTr-^ayataa aa& thosa la lOia 
damalaator rapra^at t2ia raaulta t i t l i tita agai ayatast 3lia pott* 
aatiratloa aatiritiaa« at alioaa ia -^a ta^la art *t«i«aiaAta* 
•aluaa aftar tha additioa ^ t$ir0ii3iia to tha f aotor 7 aaaplat or 
pjyaaaa* laaulta ara aa ia tha prarioua tabla lailoatiTa of tlio 
12^ 
9letting %im in SMOBAS of tim asoa^ oystoB 9%X«Qr«l* I t wixi 
^ sfpanat from «&o tabXo tka« tbo afod qsr«to« imiidi pxwod 
iaoAoqmto for %h* aMay of t&o suorooo protootieit of fatter T 
ooi&M Totsr eloarlsr Aotoot lano 4 i f f oroaoo aftar tli« i^ttimtiAa 
of tlio aaat oa^^lo vitH iauPonl»liit Slio poat^aottratioa ^otoaoioo 
wort B»ro oxfTooooAay ftoaoastrntod hy tHo ag«A aaaay ayatOM tHaa 
witki Hio EV? aaaay proto&uxa* 
XaUo TIX 
off oat of ^immiAiM. aotl;ratioii oa im aroaorroA 
iior 18 Aaya) faotor Y aaa^Xoa at «»l^ ^a wim 
anaroaa aa 1 ^ protaotliro agaatt Himaratoxa ! » • 
Alaata t&o olot^tiaa (aoM) ia arf«ayatoa aaA 
AlitowlTiatojga i n agtA ayatoa 
Sauxao ^ 
fa t le i r f 
frotoottra 
" * <artir w " <aiti^ ^^Wi •» 'Owsiff 
f 
laolatad 
Faator • 
Xaaa 
Siieroao (0*3X) 
iaaroao (0«3X) 
«8Al8 
8A/0f 
«#Aoo 
n/n 
Sho eoB|>loto aoriiM of tti« aettfatioa ao^ueaao f olXowod 
for 30 alimtoa bava bean luAlaatod l a t&a f ig * 2d» & • abaelaaa 
rapraaaata tlia tina iatarrala of aotlTatio^^ la alautaa and tlia 
oTdlaata ladleataa th» reaiproealB of th» a lotting tima to giro 
tha xaaatloaTaloaitiaa of t ^ aetlratad oaaploa, Siziao l^e agad 
ayataa waa Hia aala iaauo of inTaatigatloiii tha data o^alnod 
129 k 
i / i 
to 70 n 90 too 
FACTOR 7 - PERCENT DILUTION 
f ig ,24, 3tft]QS^ flffd 9iflnr«s w l ^ mmT0B9 ax^ ^uff«? dilat«& 
pli^aa taaiplaa k«pt trm^n. for scrva tajrv* fti* 
dotted IS&9 iiidldat«9 th« ataiadftid owert «C ^ « 
wltlsi ru88«ll •Ip^xMrtnom plasma v^etrnm* 
tdo 
100 
90 
SO 
70 
V TITRATION ON AGED SYSTEM 
U F F E R ( 7 DAYS' STORAGE) 
SUCROSE (7 DAYS STORAGE) 
STANDARD CURVE AT' 
ZERO HOUR 
_j 1 1 L_ 
16-5 20 25 30 40 SO 60 70 »0 90 100 
FACTOR T - PERCENT DILUTION 
f l « , 8$. StaaAaid 9vapf99 «• in tiga^m 34 Ignxt ^ f away 
gyslwm was tii9 a^94»9la»m ftssasr aiftli0A* 
UJ 
2 
O 
- i 
o 
131 
ACTIVATION OF ISOLATED FACTOR V 
PRESERVED WITH SUCROSE . 
3 0 -
2 0 -
r 
10 
• « FACTOR X WITH SUCROSE 
4 * FACTOR 1 WITHOUT SUCROSE 
10 20 30 
M I N U T E S 
THROMBIN 
ADDED ( 2 UNITS/ml . ) 
s^Bfm* 
ly vsKt a«««iur9a «if f i i« ftg«a^pXawM 
132 
w i ^ atioii a ayaltam hmr^ oalgr %9m ahom h^m^ ma t l tmt iom 
ouvraa aiiov i a oaa ma d^praa of aotiratlom of Itiia f aitti^ pro* 
8«nrad witk anoyeaa imHa ia tHa othar wim tMa aai^lf f^ NKParvat 
i a t ^ a^ama «f aiMivoaa imt auoroaa li«rlii« liaaa a l i i i m tJm 
t iaa of a«1tiYati»a ii|paiPia«it to axolaAa t ^ laf l i i ia i t i t mmmm 
ma at t imi le i i % tharaaa i^a ooenxa wil^ia 3 s M I t f t of i ta 
aiAitiaat witii f l p giiaBaaiBaiil of tha aotiiril^ to aariHil folAOf 
oa2r iihwa 9mwm& fitlaotaA f aator waa «8a&« la t&a steMaoa of 
awfoaoi tHa f ai||»r vaavd to baira l^ aoa laaotlaratad ^ ^ H tha 
oapabiadlgr of t M H^alazfttor aelaotOaa to ^a a o o a l a s i ^ iT tluoa^ia 
aa T9f9klaA ^ lOli C^CIpreo i f i f aasair, 
mm wm^Sm yvoaaatad al>ora ham uaatiularooAl^ y MMA tliat 
plux^o faroaait Ml^o aaaiiXaa of faatOF T did i^rotalhllNia <|ttal.lKr 
of ma «eooX«ni|Mr.l|»Xa«ulaa* f«o aaaairHi^taai iilil|ii'«pii Iraoaa 
optmtioa iiara Imml l t mi^ mim 9tmBi1if iNt« «ff ««tlr« i^mtaotioa 
of aoaa laliila ^ualil^ of faator t w l ^ ano^ao* 
SadiaaatatioJ»-ooiff ioiaat of f aotor 7 waa dataratlaod ia aa Aaa^srtioal 
ultvaaaolrrifttgay %iaie aodal I (3oha«haaa X9df)« Bi« patt«ra la 
ahOKa la f ig* 27 «ha?a a Is plotiiraa vara talGaa at a i # t sdaata 
iatawala at 56,100 3Ppa at 20^0, Uppar pioturaa &T9 of ao&-aotiv«tad 
f aotor t and taa 1iott<»B oaaa of aotivatad faator Y, ma oantrlfmcatloi 
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^jj^ Q. ^ 
HHP> iHI' HB 
Fl 
x7 
28: 
yig* a n llXtyaotqtepJjjr ;aFna 
Fig 
cL^'i'ty f aBftfg YI oliroaat oflgaBlilaally «H&SSK4nCSnMUShSUb .__ —„ .:„••—„ 
aur* r«as»iits «*r« ua«C IA ^ « i t M r i aadiawiilatioa 
ISplasOf 3d 1100 7pm) proo9«49 tWQm latt to 7 l ^ t aiad 
photograpiia talG»n a t 3 adUmt^s Intcspvaia* 
iff i^4Qi»79^tr^tt^M«^£ qf i|o^-a0t4.Ya^fd f ^ ^ f g Yt 
t t a m proodods from loft to r i ^ t l a doal»X« teat or Pa _ . _^  _, ___ ____ __ 
Od3J.« ^ l i Tpmt plstuToe wore taleon a t 3 atimatoa 
iatortrals* 
13; 
80 
SUCROSE GRADIENT OF FACTOR Y 
'< J \ A C TlVATf I) » 
ACTlv/lTED 
8 10 12 14 
FRACTIONS 
immi SMt^t 7 was uaod la a suerQ8««> 
gra&iaiil @f 12<*2S p#r oaat (%op t@ 
l»etlMis)i fraotions wora saidMrad from 
liattMB of tu^aa vcgmme^B^ Aotiratad 
paak avpaa^ad l a t a r than aoi&<«a8ti7atad 
9«&lc« Eaaoa throabia fraatad ia I l ^ t ar« 
135 
pwmmML • » imam iwmt Isft to HiS^* m%m myp^mMA ^ %• tal f 
m^HnMimm. i f lAM(»r f « i«i tavtaaniit «• i t ^9«ay» iwm f^0f 
t" 
f attar f t« N i l M I % tka stliaM^^ytA f atta»i# f ifii | i ! • tiM 
liittvfalat t i ' 
flia atlAitiilar 
aifti^fiv cut' 
aattar #§13, la aa aaa3artlaaX ml' 
1^^ at S@% aa AaatirlNi* fa* f i 
m» fiu^tatf^iiia vava taam at a i i l t 
Mi'^tt^h.« ^^^^B<4ik 4ida^Mi. ^t^wr '^ l iMa. v^akiMiMac a itt laak^atfuaaB <C aa.^w vi^af 
taa YalaM i f 
«aav « i # t iaat i f taa ^wB^w i f 
» fijl^ i t 1 ^ jattajpa 9$ 
•i'^ilii tftflil 111 Hill 
aatCflilaat 
aaA iW^ddi 
^ 1 ^ 1 ^ aaaka^i&iiiiyi'&P^ 
—A jam. <Bf iMifa i m i irlf II ••ttia'"liia ifaiifaMMiiril* • 'ii'taiiairiitlTa 
aXtyaiaalrlfai^t l^laaa atdal li aa ftaatifilKril aarXi^ aalag avisflac 
^aalat vatar 3l9a at idfOCK) » ^ far tmw Tmmm aaiaf&iaff ta tat 
«etaiA i f Arltt ia vA Sal»art CX9tO>/fiar imairaA alaiaiima la 3«lal 
i f ]ia»«itl3rataA aat aatirattA f aatar • la tarai sf pratala aaataal 
w«p» aaaA va«a a graliwtit «f %f^ asA W^ aatroaa waa mt^lutfwi^ Hii 
f iCi 89 i^«ii«4 taa f aaloiff aoa aativataA aaao aarXicr ^aa aatlialiA 
f aatar T| aiaoa tat f xaatlaaa vara telae ooll.«it«d froa ^ a l^ttaa 
i f tat t«iii la aarlal or&ar* fa«sa vara a^atgaasua a la i^ ^aaln 
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Mm mtk^ onoirlaf ikmmltf t lut Ho^ mm aol ooi^ MuAaisloA « i m 
mm u^wmn m9 «iAiii«io mmf mito f aito» T / « I mm OIMMIII** 
imimi^m f fot t i in sMiiloso mim mmm too t i ^ o !» o«i& fiootio«9 
Hit iton*ittifi»oA Iwliii voUtivoar wro Aomo iit2,o«itl% ooftlaoaiiA 
a.i.tt3« mmWuw %lmm mm ootlvatoA faotoif T« SOo ooHfiM ISio 
oorUor orlAoiioo l ^ t «iyr«iMJi ooto ao m yvotooJjrtio ^mfm oaA 
olooi^ m mmn, f 9ootli« iwm imtm* f mm n» %mt%m lo o^^ool 
%m ^^fmtmm^ Wm t lnUat to oo^potiUo «4ili ^ M OO»IO^ «Uit 
' S A W ip^^^Pl^Rlw 'Op^WWP^Wip^P'^ P *^ ^^^Fw^^'P' • ^ ^ • ' w i O ^w ^^ipiMPP^'^mMHiV •pPtO^^^wpw^oPw- MI^^NnnP^PovillNPs B^WiP 
Slato tte oMogiooigiwiiio^ «oo& woo f«0B I t fo 98$( ^»i aiMiiiiistoi 
mtA^^m o^iPiiiA f m ^ v T aiJbotiloo oooM lio Aiff ovcaliotoA ^ Im 
sooi 9matm1im0M$n ^m too Aiot^ Miat tt»Uoi4oo« Zt Mr 1^ soooUoi 
• i Aloti^^ol ioi^iiy (irMo 91^ m} tlM ooAliMRtotiomyottomi 9i 
ooA tiytai AiopMPitr lNi«IA lio duo to ^ o looit 4iMo&^ of ^ o OOOSIMIO 
oolKliMi of t t i i CtM wm «ooi« arOoiel^ tiM doiHitir of a i ^ 
tlio aoloottio gl f otttiNr t f ollo«|ji« ti^«iMiMii««itiira'tioiit 
oiiovo tiM fOttovB of oloetTOflioroolo of paUMoo pxotoltt iw i t wao 
mm. olOAf witu t&o pm$£$M$ footoirf* 3li« olMOiMa onooo «^o 
Alotoaoo of tHo aigsmtioii of ptotoia ia o«iii^ MtoPO f io« tiM 
ooiaioAo to ^M oaoAo mA mtA tHo oiAiaflto oliooo Ideio otooi^ oaoo 
^ piPOkoiA at VSOwsm XA OBMIO of footiar t f ¥«etlo»o» tlio olwoiooo 
io mo diotoato itt ooatjteotoyo MBA ovAlaaio io tuo ootirilQr of 
<3. 
o 
o 
6 
in 
2 
O 
u. 
ZONE ELECTROPHORESIS OF FACTOR I ON PEVIKON 
rTTTA PLASMA PROTEIN 
1 ACTIVITY 
137 
50 
START 
fu»m^ Mmm 
ii««A f#y fa t te r V falttom mA for vm^ 
I 
138 
Cwtw T wMa/wi, XbaiM t^t—n to k« a aiafU i«ak ta • 
&« IOMI ooao yJUito oo o nCoroiioo to loosio tlio oanot poi^f Ion of 
im^w f itt toiwi <tf «fA»Asx4 pottovm of jpl^m fvoftolMi* 4tt«^^f» 
•fpovottto «oi»< tiio .mm^lm of faotoif T o%^& laAloatit Hoiiitooiio 
pMfoaMtloa I r Hio nlAioooslyjlfiiio3. 4li«i«otoi^«io»« !» o ^ tHU 
s i i ^ 900I1 i^ npMv^ A %«^ooa Iwto mnA gmammglmWkiA mh^g^wm 
f i l l j ^ i t ' lnooror Ift •ool ^ oao oif «»o siaor iiooleo* faotot • 
MitlviliiHi «f t^o oomMMSMito iiioiriii laAofoalotti poolw woio a^-
oof^ iHiioA duo iM foi!iHlai>1 4iff lonlliliO la, 0000 of aofljui iNNOKlkiHll 
1% Hioei^ofo ooiftlA not 110 ootoliMiMi «^^o:r or not tlio « a l $ l ^ 
flio iwio tft'Mi iffiro imo fook oA mltmooalv^yhMlo) ox* d%o to tbo 
l^ n 4iio 'sofiNc iMrasttlAi^  o 3oot(3POflioyoo4i^  
199 
fHo oMitloa of ovoiooo ao ota^iUsiag •«iixl luui %o«ft 
•oai^ovod Igr o%li«m« f aartioiilovSr Auriiii t M i^mm$9i%m%Um ot^ pe 
of imrlf iioilott* 39iio dwooaolaniktioii «t Ito «^oirto to f«oo«rvljii 
f a«t#r • dterlac f voosiac aio « » aad of a aagaitulo l i t giPirimiol^ 
Hial lo tiM lataso of -^o UiijUo oo^^oasit of tut nijloyalor 
i^oiolo «lii«li io fvotootot Igr vatvoM lo A lattMf of gMoi* ' M i 
iiMt fifoiiiilo' OflMofi iMBi %o f^nmlAtoA ffoa idim data pi^ oowKloi ly 
^10 nnNflMiai ^ritom oat tiio agod o7«toa» @io i7T«op(tMi voroaM 
tlM dl^ovoaio )M««rooa tao "fvotootod** aad ^ o '^ ai^ iPotootoA^ imt^m f 
w ^ ^ ^ I f l S H troatvl^imit tao ^vlor aotltatiwdi of tao oa^ pXoOf Iml 
tao oiMt ar*toa oomlA ftotoot tut diff oroaio oa3y aftoir tHolar o«tlra» 
%Um wlfEi ta»salii% BIO aatwaX oatenrato for tao i.W aao iMoa iao«R 
ta %o tHo factor X aaMi panio^atoo to %hi9 pliaoo of ooafaJuifllmei 
aa^pot «ao «a*ia?o ^ tao XaMlo ao^^aaoai «f taator f aa taio 
aattti<i^ aalart^ata Iwralrod to ^lo m%fmm9 of voaattoai totototoi 
^ tao oatlraltoa ^ f aatoip Xt Xa ta* alwoaoa «r oaevooat ^ a t 
poniKi 1^ tao aoooloiator aaiooalo oooaod to oo dotostosrato 
taat I t ooa2A aot aar aa^ ro voootro tlio oawidyoal algaato of 
aatlyatod faotor X* flio acod»irotoa aarlag IMHHI dtf tol«it ooaSd 
aot dotoot taat dotoiiaralioa to f aotor Y aatU i^oa I t wao 
aottratod wita oKoi^ aoaolr addod ^voaato« aaaxvoo pifotootloa 
waa taoa orlAoai oroa wlta tao a|^-«oy«toa of aooagr (TMO fa^Xo fit 
aad f i ^ ii>« 
140 
•» i i i» i * ftt3w ^ Mnrtvaa. txitAx^* I t ««• f f«« frea O^MV aajttlAi 
f MittaM*-: i4»»i^ie*a in '!«•» t7 | 8S» 89.» 30, I t was tetatiMiima la 
« U alivaiaalvtfaft mtA ^ 4lffaaiaa liarlat a aatlatatatliia aa» 
VB^"* liJWP<iiwp•WWr' fBaTiiWaM^w gt/^flw ^tti^^ M^V4B1^V^itMi^a^ ^Wa^Q^^V ^ai^^Wa^lw ia^P^WIiFwiiFtp ^wBh^ JWPaMP^ ^ 
iNteajrvtlaaHjff i t algiatiA oa ftrilBoa as a aiya«l« hmA at t&a^^wt 
ilMW a aa|ajr ytale at p(^*l«9a« Imt aJaa al^Mr alaor paalif ttaa 
a i %mm0fMmm^ diailttar altuatloa &aa \mm &wmTV9<tSL witii BaMia» 
#««aa 9«it«laa Igr ^Patam j | j ^ (19S5) aaA ]it kaa «^ialaeA ^ i « 
dlaparil^ as a ataiaviMliatir lHf«a)6«'ap «f iSm aatira aiX«ia3«« 
Oaii^Ujii tula « 1 ^ t ^ pax^uriaatlaa 9%lat«ik%la i&smm. titvwMsttfii^^t 
tlia pipsaani fyaywatlaas mmm iiaytl^ilarl^ asiC^ fav fto aytlrallitt 
«tal|«a AftisiMU 
tafayai a%««»yatl«aii la t&« yyvaaiH «^«7l«aita attaaglr 
•iyp«rt l^a •inaait t l»t a atrast^nO. aimiit la f a t^y f la l a i i t i l 
V •>i»3J. aiMHOita iC tinmiliii* Uka aliaa«i la flatlaa foalKUa f >«• 
BiSMi aaHaaaca W ^ » M ^ a algalf l i a i i alpaii* la t ^ taaatt^ at 
laaatlaa iC ailaaalav tiMuii^a* UMI tHwaiia la yasltlta aa Aaaaltr 
ixaAimt 9«di7ira#ktia& aipparl* 1 ^ f la^aHIU^ 9i a 4&«a«a la 
a»l«ett2iii' wal4^t« I t •••»» imlllitV l^at l^iaaHia asalA mm^mmB^ 
f attar T* •I1l^«r tei«BaA oar aa%eiiaA» ^sroai^ ttesa farif Itatlaa 
^M«Aa3p«B« trivi«r t&« ooaftltltas of tiufaaata^raiiiy m««A« tiixaiilla 
•l»t«« wlt& tte f i i»t talatlom %«•&« a a9aall«t«3il« Alvtama fvaa 
t)ik« f aatar T u t t^ l ty aaA wim tka IHOIC «f lii«rt pr«tf inn* XHa 
laaxaaaa la ttii^lairaaatia ailA tolu^U akttvlal f oll«alai mi^mmm 
Ill 
•INMMNA Ito •fW#i3Aitnftl iiillBewi«al«ifitflMiijflKtt« i t •Mai' «fi>lMililf 
Tiory alsil^rir im • !» • to tlukt ef tiiii uaiftttt«A tatttOFft 
dan to* tli«& «03nr«lat« tii« i]i«ir««MA afttlyitf «f f MltiMr f 
• "^'"li iOuEii <|li# iiiiiiTi'! MrtlV'tttiflfA vui tty'tf* tMCftm sfif iMlittnii 
«ai«Mi of tiMi 9yiiiot«4 twm «latX* ffittmitlita of tlio ^uMlititoo 
of isaemM^ mA tm%m f $» %im ]aiaEl«3Fo# i t is i»«llor«A tliiciirofo 
HMKI mo oxfoviMonio t«otoi ^oimt to tlio otmotiivaX oai fnaotioivil 
o lmiM oi^iirliig In t ^ aoXoottIo of f oo^ir f f oB^ ovSag %t9 latoi>» 
• tuAia i of ooofiili#io% %n oAAitlo% ^^v «>^ 7 proro to %o of 
prootlooX ToXtto Ift tlio o3ial«« I f t ^ otyiKtaNa. ^Mn«oo ftOoool»toi 
wltn f ootoir f tiurwirillA lato««oti«a OJPO teoonf tteoo oaa 1»o ooon^oA 
^ 9 ' |& li|»!i;«f' *o o yoooi^lo toot of tli3ro«teo|«« 2li« f :pooofll m^mif* 
oooiiio AHA firoriAo « ooopo for fuxtHor oaq^orlifttatol i^fvooo^ to Ifiio 
otttAy of tyUi tat«r«otloa « In tHo f olXoniag oiii^t«f tlio aatwo i f 
«ikVoa3ftlaN «^itov f imozoetioa lioo teoa o^^iAotoA «u»^ *laooMKlo* 
Hz 
mSSmmSmmm^ 
143 
Udmmm 
fai$or f mtisfmti&n. waa attai^taA «ifli aaXubJ^  ^x^a^lai 
««ait3Slag la aa aatiiratiaa prod^ iot witli &i# apaaif le aatiritrt 
tfm»9i M vaa taalmlaaUar 4iffi»ii2.t ta rmmw tiila aollTatlMi 
f9»iiiit fioa aaXn^ la aat^atovi 10m prafavatieiia of twa Isryat sf 
laaalakl^ lan^lila ««ra aabiaritt la axaav to attain f aatay • la 
ita aatira ata%a» Vatmra af l^ if^ oalftla f09aa«iaa «aa eastixaaA W 
•aldaf l»tala%3a ppQ^mabln. &v&^ it «aa aotifatad to UtimtMm w 
9«3rlf iai fa«far T« Xi^ Xa6a4 f aator T 4aaa»ilMi la tuia tluMiia, 
vaa aat a taaatarad aaiaeuXa m& ita pvapaarl^ r aa an aaaalamtar 
fatt«p vaa attiAiaA la «all-4^ia«a aarataatt 
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Im WtM 9mtlAmp ^ i^ t«m« i t %BM limn i«ttia«ti«tiA iBMM 
tm&Um • afll tiupoai^ ia iaismit vosultiag in t M ««tlTaii»m wi 
fmtU» f wm%mvili99 imish th«a mppasmt^Hy^ li«%« ia ^ « ««M««li^i 
of t&fwiilla ^voa p»9t!iito»1»l]i« In this ••t«ii|^ ^ ooi^liSi i«l«ite 
ftotloa vdio^ta tlw ^roduot pflTtlolpatM i n tho aotiiratlon tf t&a 
rmrf aotlfator iarolTaA l a m« gaaoratloa of l&o prodiaot lt«o2f § 
«o 800 aa oxaapXo of a *po»ltlTo f ooA liaok^i ooatrllmtii^ p o o o l ^ 
to tiM ^'fe^Xoolro'* aaturo of tli« o l e t t l i ^ px^ oooaa* t&o latoraoiiato 
ota^o l a iSkiM f roottroox^ro&uot loboxaotloat as oxai^llf lo& la 
woaU %9 h9aA to otudy ia T1«« of tHo roaotlag paztlolpiiato %olag 
oolatelo aflA tholr aaaa^ ojotoa ^ l a g ia toma of tMiroaftla aotioai 
|^.>* t olottlas of f i%]?laogoa to f ilspia» I f aiqr of tb« oo^^oaoato 
toa3A t« oopairatodi fi?oa ^ o lataraotiag alxttiroo at dif f ovool fliwioo 
of roAitloat "^M aatuxw Gt tho aotlTatioa 9i footer T li^ f tturonlila 
oonlA IN mAoxatooA i a ooaoirtiat f I ra t r to iw* 
13ilo l«d ao to aako aa attoapt to pvofoxo «atoi>-iaooliililo 
tiUTMltola aat pvot&mMiiia ^Uk ooaSA 1M i ^ o l a a l V roaoroft f voa 
tho sofMitloa alactvom* SarHor firopa^nitioiia of Intolutilo txypola 
aal onyaotisrpola ^ &itohalokl iimt} i^oirol that tho attaohamit 
of '^9 oaajrao to tho laooXablo oaxvlov tr po i^^ aorio ol&o ohaiaa 
oaouvoo f iroo aovoaoat of tho eatalarot aoloonloo l a tho z«aotloa 
alxturo* l a a l l thoso oasyaatlo proparatloiio Iwootlgato&y a 
o^oljfaov of p«aEilao«^l*»phoi^lalaaiao aai li^louolao wao uaod ao 
a oasrlor* ^ o otaooosoful propaiutloa of tho water iaimltthlo 
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•laA 9«#«ltt ]u»t f fuMilitat^A tHo atuftjr of )^ So%«la •tiuatlimi I f 
mtmm 9#Mil iU t^« «ioit«»}U«& t«£r«AatioA «r f xot«ia9 to v«ri««i 
tiii««itft%|9>«ay aaA vapidly ?«ai9Yad f voa me 3nia9tl9»««lsliiy«« 
tgr fluraio^ tttfai»ti9ii of th« 9mym^ ^x^s i ts «iibst:pat«t ^oMlir 
WUfgfpim ftir f iir«i««» bifoale down of tii« a«1»s«7at«« fHo 9oaiia«6i#a 
1^ ^looA la an a^ooatalsftio ifaaotlaa aal t&x«daiilii %» a ^9X% «C 
i H i tm^mmUJ^tiA ajratas oaat^Uiag a foaitiva faaA hmlt im. 
imglSM» aiwalavaitiaii af ^ a «itix» pvaaaaa of olottiag« flia atnlir 
i f Hia ftttiva MaliaBiaa aad tka a^ifaa 9i aotiiraliaxi «t faiPiaaa 
•alMtsratac lOT tinoadiia &ara aa f ^ Wan iaCaiwattra lo a Sittltal 
«Kliaalt tM«aiia« A«a to tha yapiAitar 9f t l i * vaaatioiia aaisanaA i t 
ia iMid to •tap ^ a xaaatioa at daairaA lavalSf Oaoa l a i t i a t a ^ 
ti9» laa^tiaa pjpaaaaAa to aa^pXation tka^tajr f t r iag riaa to tlia 
iMMittimtiAft me ma aoaaui^tioa ^ tHa aotl:rataA pz^uota* 
I t vaa «iaraf af«9 atumiaaA ^ad aa aat l r t pr^^ralSaa ^ 
watarwjUiaola'blLa ^jpowbla air j^pottumidiia a^uM ^ paftlai^^arlf a 
iraXiiAl»3a aM iA i^m atmlr ^ Taviima alapi i n a o i ^ l i i i a % I»» 
aaXv^Xa lOifoadilft aaA pfotlupoa^iii «ay« pyapiwii as t3ia aIniXar Xlaaa 
aa imtax^la»oXuUji piq^aia C0«)^^t X99X) wHHotil itff aatiag masSn l&a 
i ia t iT i^ of thzoaSblAi hA** ^ * ii«:li'ra aff imty to«axi&a tka Toaatiag 
oefaatOTa taaA auliatamta* I t aliowad !i.?dx>o3jrtio aot i r i t r toiraiNla 
•groUiatio auliatrata« fAM$ (p-taX«iilliia»attXpiiOflerX»l< ibrglJiiaa* 
iiatliyX«aatar» 3i«aa OStioaiioaX 0o«) pavaXXaX to ^ a t o^  ^atar aoXaliXa 
t&soa^iA (aHazvy m/i fx*oXXt Xi@4| ^ax»a2 | j^ t X96a)» 
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lolac tiMoo iaooln^lo proparotioao mo folXoviaf O^MO^I 
»^ mm9%MmMme fnaotioa woio iwootliftto&t 
(i) m%wm of oot^atioii of tm%9w T Igr ^ioiiMat 
( i i ) proOMo of aotiarftlloa «^  pfotluroiA^a to iauro«IMyR 
If f ootor ?, 
( i i i ) ooaroiroioa ^ f iinrlaegoa to f iteria wiHi tik«<HiWU& 
mxA ootiTotod pjpotlixoiftia 
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JBMBhii8Kipi8taiii«i^B» im'TTiii^iiyiBTlffiB nirffi11 iiffi*nBiitBiTflKrtJ3Bftit&gtaSiiiui^^ 
^m«i i » m t %Miimli|iit «C aii«wtis«ii (ajSS) with •oa« wAlfi i t t l i tm 
MaS^mliM^ «a» f i r s t «ftiSi«& oa Smiam^ twm^l « 1 ^ Sf 
UlAi^^y^irit M M ami tlifii «iti& 41stiUift watisp* X« mm wailift 
««dtf«rf p f»9 WKIU tut |ft «f H ^ Vttttiliig f 1«IA « i * f«d» m« 
vatf&si •ItBny mm 99W«4 oa a ai34«oai«iA f laa i «#liiaa iSzS^Slsij^  
mid w«a «%mlli1i<ral«& « i ^ soAliia 9iie«9ii«t« Vnff «r pB 7«dt 0*0t% 
avudt tlax^ QBliia was aliw autpMAfi i a H i * aaat teff«r aad tiaJ^saA 
f 07 isurat Hofar* i a aolA i»&a9 stifvted agaiaat tHa •««• Iwff «P 
^•fofa pattiag aa tim ooI\un« 4 otppwis* gtaAUs» mi ^m Isitffava 
was asaA, jy |« I H ^ M P I f sodioa plioapiialia fH 7*0, 0»OiJ aal 
Imffar XZ, 0«8j| soSiaa ^ospHada pS S»0» fifaatloai ef lOal ««Pt 
•ftUattai at ^ a rata af Sal per &9ar aa a em Mxtoaafia f v a a t i ^ 
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CUMULATIVE VOLUME (ML.) 
7i«. tU iMi'ittgsi'^ jif' iiiitirliriiiiilifaiii 
• *"1Firff.T"! 'IT?.* S riLt, 
•23ii#€ «rsi&iii -'SO»'C|i| w imi'' iii#m iffl»tiil« 
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f i i « | tCtlMi* %B« tHiraidiia •^mtiA iritiiiii 3S»4{1||| «f «i« Mt«iil 
^mmmM m mi&m ia ^ « f ig , 31« ?n>t«ia la meih iwmtt9n wm 
i«|«niiaii «r «teor%aiio« a$ S^m {v«AA«3Jlt IMIi) ia a HctlBHia 
(Jlt«i|^lpM«»« aal l»^iM»ll3A) M 1»a£f«P MUUa* pH #«$ aal &#:yg| 
f«at«i#a» wim ia#i aotlrUy v«r« 9ft«UA maA w«ri 
jUia ia d«lSl aodlaii «ia«ifld#t l^* «o]i0«Blia'l«dl f fMl 
ftiA^«4A f9X> 9 Hai «t 4*9 afftiad %Ug MiMat, m« 
la 9»airttMiM «oalaia«>ni or sUlaoalatft glas* toatolaofai 
ant VM ftoimradao^ tr aiaa«r«aiait itf ^ « aaliaitiaa 
at t(Mini asA ala» W ISM faaitt*a niAdioft aailflaA I f 
%«oi^la ai t f t r i^ ^ tmmmMwm i^|xiiM«ft la tosw ^ 
IXB mmw/m 9^9imixh Qm i m mlt «£ tuxwu l^a Has UMa 4«riatft 
m tUt aaimal viilob. 9l»%9 3l|t «^  » ataalaiftcui^ l i teiaaita toXicliaa 
la U M99«*«* Sptsif la M t i f t i ^ t€ »avif 1*4 tUfoalNbi «as «1S I I I 
wm9/mm 9ni1t«ia <^ «Gapuf«4 to 1^ « atairliag oonDwaralaS. produet 
Harlag 97 Mm aaltiM^api p«a««^ ^ « aotlTity ^ 1^ 3Kia%ia was 
4ttor»la«4 W 9l<rttla« oa fH^jflaagta aaft ai»® liy th« liyA«i3y»i» 
«£ %4Ma» 
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fAlii iM n^fAm^mA w tiHPtiB i^a iiii« f t^x cvi&ii^ iA^ mmt 
im -M^UMI I « f»@ ««« imleps f o r t i t rat iAa im m 9iMmiB$imA A««iyii 
" •iPMi^WSiBHiWP • pA'W^^P l|P''!PP'^ F ^ ™ ^ ^ ^ ^ |PB I wP^p^fc-^P^^^P^P ^W w 'W^P'^p ^ ^ ^ ^ < W F ^ ^ ^ p ^ P f T ( P ^ K ' " ^Pi^wHA ^ ^ " "PflP^^IW^^PWi^^^^^^^^PflW 
pPMHpl^ p Mip^il<(p^PP m WlMir^^iPl f ^^PW™ * * WP^P ••(-^Ww ^ P • • TP ^P ^^^W ^RPPwPsp^BWBBppt wAiA^P •Bjf^PP'P^MP ^{^^^•P'^r^^ ^l^^l 
ix» w$0mit^ i#iii a«i #ito dil»fi» §9mmmm%H w^m^lm 9i ••i.n^Mi 
ttpMl jf «v l^ i iKVittniiiita i f IxmliMUi llyniHliiA timiiAlMC IHI liMi -
- S«i i f« i JIME1^  &9»9l99it» i t y»*«i|iii»«.itli.iyl»iirl»laiti»i 
1^9i»1»K«^« ADA ^ M M t l a i n ^ i t iwHAii* t t i tS <lit4^»aidll 9t 
i t lA i aiSd) ««• mmfwAtA %A 1 ^ % ^ ^ ^ ^ mvUa miAm to 1N»f 
X4%g^  sT I»»p||^x««ia«»l4i attSA wtti aA4iA msA mi^XaA lnMiitsli2|r 
i a lAi %«l&« iUMiiiiKi A l i f p r i i k i U i t t « l l ioaiiui mttvatt wi i 
ifftdicl v i m altiJnrisg at 4% (•J.iii a ldl t iaa wm «&f^«id •« m« i 
itt1»po«i miA iti^QiiA flijr ftit i i i a f i mt m v» ^^ maMwm m^ 
wmmimk «r AUmatiiati^ii, mu atxtiori wm }mp% at 4% f aif 
i5i 
L-LEUCINE + p - A M I N O - D L - P H E N Y L A L A N I N E 
(POLYMERIZED BY METHOD 
\f OF KATCHALSKI et a\) 
COPOLYMER OF L-LEUCINE AND 
p-AMINO PHENYLALANINE 
(RATIO 2.5 : I ) 
*** ^^''VP-
f Igi 38« 1—tttigai#tag« la idm wti 
.TnT3«Tnriir!S^ T-t^ .^  !5T*J 
COPOLYMER IS DIAZOTIZED 
(HCi + NoNOg >" HNOg + NaCi) 
pH to 8.0 (NaOH) 
INSOLUBLE COPOLYMER 
0 0 0 
II II 11 
W W W C - N H - C H - C - N H - C H - C - N H N M / W . 
I \ -
CH, CHa \ 
CH, 
CH2 
CH, 
N 
NCI 
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.-.(BPW^P'^#-- MM. IQi* 
" % f T ^ t " * ^ 1 •«.,-,--.,.,, jf-,-
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COUPLING WITH ENZYME 
0 0 0 
II II II 
WWW C - N H - C H ~ C - N H - C H - C - N H WWW 
CH, 
N 
CI 
CHo 
\'^ 
CHo 
\ ^ 
CH2 
\ 
CH, 
OH 
CHo 
I 
W W W N H - C H - C - N H WWW-
PROTHROMBIN OR THROMBIN-
INSOLUBLE ENZYME 
f | f » 9 t t 
154 
Zm% iMWm 1l«ror« til* ii4itimi i f m^S^m to Wtas m% 1B& to 3*0 
St9 9mo^itat# was vaslisd twles wl-^ It^ ••A^ta adstats 
at 1 ^ ^ Ir S«ix6rifu«atioii at ISOOxg IA an XiitssMiiAiial x^ilgs* 
ratsdl 9%mvi£vig9t liOdsX FH*2| for 10 mimilsst ^9%^jmmA lar SkSd^ sir 
washlAi wltn 0»3J sodium phos]^ats« ^ ?»S« flMli i^iisA pivslf Itatt 
was svw9«P *«^  ^ S ^ 99ld» 0«3y| sodlaa i^esfMiil inftsv ^ 7«S« 
So tl:tis ttMiotissd mpeH^mr vm addsd 9|g^  stii^ iiIMiBt to i%| 
pfottia if pnvlfisd tbrofflbin witl& astiril^ of SHH B ^ itnits* &o 
rosstlsn if ooi^Xing was eoatiwed at 4^i tu^ojf iiMiiMNial stiziriag 
f OS 24 l&fiKum* $llli}oiiist& gl&ssifstfo was ms4 tliiMi||Jumt* ^ o 
ss(|utais if t ^ rsastioiis i s ialMatoA ia tlio l^gpt itat%«o* 
of tJis iasoX^lo tiii^daiia was tostoA Iqr tUs h:^^lmi^i» «f s^ratiiot:^ 
•stov {lAM^}» Son IIH uni^ Qi 9oltib3# tli^roal^ vifV aMod to 
9«0 mllllnolts of fiMlo. Spooifis astlTitr of iMB0MM tHroaiMa 
was oaa#«iI«|«i sn tlM >asis of %&Q^ iffs«%iv« iw)M«Kmti9a« 
s^ujbralsai ii«t««Ni «f iaioliililo ^msmwa^i^m W9m talma f ^  f A»o 
li^ifol^is usiag 9 ailXlnoXar (*00@J) sodlsta ^dvoxido for titration, 
Sbo aiaEtiiro WAS kopt ua^ov stirrlxig to got r«psodufti%Xo results* 
fho laoliaolls ooastast was dotonainod %y moasuriac fAlo hirdrol^sis 
at eoaooOrations of smbstrato fAJfo, from 0«9 miXlia^los to 9*0 
ailliBoXos* fbo rosiiXtB woro plotto& aoooxdizig to Xtinowoacror 
Buric oawLtioa aedif i«d hy Mixoa (1993), Buriag prtlisinary oxporjk 
»oiiis» a sm^trato oomontzmtion was dttormlAod wMoii was optiaal 
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1 
HYDROLYSIS RATE of TAME 
nsoluble Thronfibin 
O—o Soluble Thrombin 
Minutes 
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Tame Hydrolysis by Thrombin (Lineweaver-Burk) 
Calculated 
Km^^^= 3.23x10 u 
'^R'sof3-22x/0-
• — • insoluble 
•—o soluble 
?ig*34» ^t^pa»« aottrity of »9X% 
'TTmmMmmmmLSE!£m: u gftiata&tiea w Ka 
'df 8dlulil« aaS laas0l^l« t&roabla whew 
•e leo i ty of fAll« !ij?drolyal«. 
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97 abor« vJiioht no »tga$ii^m9$ iaoraaat was 9lia«7rod« %per liiia 
in th« f I f , 33 showa tUt fm$ li^reXyaia lisr adlubla ideuroaiiiiii &iA 
trUa leway l iA* alid^a t&a tAHi !i|<liralyaia ^ loaalubXa tl»POis^ iia« 
flia xaaaoa fey tli ia »J«w x«lt ^ raaatloa wim tiia iaMil^bla »iar 
toa mat tHa ^Cfaefiira aoaMmtxatiaa ia laaa altnoti^ ISia ateoXttta 
tuaiit i t / af tiM aaajraa ia t^a aanai atlXX tlia pz^peitlM at aaayiaa-
ambatitt«a 9mKi^0M. ami ma aonatanta af eai^ pXax Xor»t|ai i asv aasa 
aa •}^s(m I r ^ Mial&aaMs 09ikatais6 ( f l ^ 34), Blaoa tHa iataieapta 
af t ^ XlJia #lll!2:ia a^aaiaaa (Fig, 34} rapraaant tha raolfioaal d 
ma lti^wtalA% aonataistt i t ia appazvBCt mat ma SJI r9lm ia aaoa 
f a r tern m# liiluliXa aa vaXX aa f a r tha i^ialubXa prapavatian, fha 
ifiabaaXis iwiVtaBt for aoXubXa mrai^iii vaa 3,83x10*% mtA tliat 
or ijwoXiilftIa ^uTOidiim 3,8S:idLar^ ||« 
a^a|H,|^^ aetivit?! Spaoif ia aotiTitr o^  aolia^li mroa^ia 
waa oaaavMMi i a taima of protaiaa livtt for iaaoXuliXa mpoX^auat 
t&r^B^iiif tHa IM^vriar partisXa iatMifarad wim tHa PUPIMEI^ 
AttUrmXmMtmm^ tHa Attlioda ei Wia«X«f (X933), a u a a « i a j | ^ (3JdX) 
ai^ #a4AaXX CXiM)f 
Mhmi X SIS uoit of aoXi^Xa t^ronlii& «aa ooapiurod i a tax®a 
of fAMm li^roXyaiif i t «aa tQuM mat tlia rata of ii^drol^aia waa 
of tiia ordar Gi XflacXO*^  MoXaa/aia/iria mitp wliaraaa mat wim 
iaaoXii^ Xa praparatioa aaaixolms iOO par oazift raoorar:/ of tlirofflbin 
addad waa of tlna oxdor of X^fxwr^ MoXaa/mia/SIH unit* l&km greaa 
yiald of affioioaoy of tlia iaaoXubXa praparatioa waa, tharefora» 
ia ma ranga of IQi* 
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3iad« «!• exmm MOtttliiida m fair ^ 9 aiidv* •m^pl« 
a i ^ t im&«r««ti»Lt* m« «r«sttll «p«9lf ia ttttliri^ of th* pttpbrau. 
tldHf i t «M a«09Mftrr te daltfiilikt* tli« AlW93.ttt« 3rl«M of t2i« 
OQV^lim pT@»9Avim iM t9vam of Taliao ooaioal 9i tlvroakia* Zt liao 
%«^ vopoftoA tliAt llprlao thiroa^ia oontaint 4«9«m Tallai/lO0iM( 
t^iiroa¥la#frotola (Soogtxvt 1963)« TaXiao ooaloat of ooXv^ tlo asA 
iaooXtt^ Xo ^uPoa¥ia wm detonniaoa ^ papoif olirowatoiprap^ of tUt 
aoiA )iy&foljr*ato of t^zoaOiin (lagr j | ^ 1 3Ji€}« fltznsliia woo 
lij^ dvoigrood ixi a ooaXoi ampealo «itli dS ^^X'oaJ&lorio aol4 at U0^ @ 
tft aa woa for JM hrnxm^ tho aolA was oraporatoA xmi&oF x«&ueod 
proaoiiipo (d*^ l&Mi Sf) for 4~6 lioaro la a rmmm doooloator oror 
oodiaa li^ droxlAo polXo^* X&o dx^ r soolduowaa 9)iyi<^ o»&o4 la a 
aialiaiai %wui$iMf of 11^ pr^aaol ajsl opottod ^tiaiitltatirolar o& 
ot&aaolt aootlo aiid waahad f IXtor papora (t}iat»kn ao, X) m d«o« 
orl%od W ^ MMJiQt (195d)« ^® oiiro«^o^raai waro dffoXopad aXoag 
with oiaadarod TaXlao w l ^ a •• %iil«aoXi aoatlo aold m^ watar 
(4tXtS) %r taldag tlsi j^ parp&aao io^ d roooXTod for X$ lioaf* 1r 
aoo«»&lag pftpar otir^ mtogri^ patjr* i f tar roooXiitlo% ^ 0 pm*^ 
wora drlod la a hood for 10 wlmitao thoa mpmm^ v l ^ 0#t9# 
aiflhydrla la aootoaop drlad ai^la in hood for 5 alaxclai' and thaa 
la aa mvn. at dd^ O for 30 alaataat wliloh wao found to 1m tho optlaua 
for tho ooXoar doroXopaeat of tha aXife^ r^ rln raaotlira ooi^ ound 
(Kay MSl* 1956}• m@ Tallaa looatad apots wora out out aad aXutad 
with 5 j | of fXf& othaaoX (moiiB|^ oo% j | a|* ^^^i tfaUlagtoai X9Si)* 
^ t a r hoiag ^ehaa with 7ii athaaoXf tha tu^as with otrlpa &t 
fIXtar paparo waro oaatrlfugad tar 3 olautaa at 3400 rpa (I40a3ig) 
to aodlaaat tho p^ar partioXao parasanl la tha 8oXutloa« fha 
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5v 
•.'i 
& 
•/• Ij^e Valine . 7.5 NIH units 
of throabln 
/ 
20 W 60 100 120 
, _ 7all]M per 
aliquot thrsaUa >Sfi 
Mi t^fritobia 
woro ao2A-li]^^Xjr9«<i, valixio ooixloAto of 
li^rol^sata9» olizoaatograplilAaU^ M«afeifi«4 
and ttatJjBatod aftsr olut^ioa. 
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a)Miorba]i09 9f th9 9l%mt9 «9S A9t9rsitB9A in a Ool9maa Junior 3^99*679-
pU9toa9t9r at QTQsm agaljMt » bXaidc prepartd Igr 9«»ti]ig from tli9 
9lir9natograat a «liit9 9^999 9^ pi^ar tlia 9asi9 9i99 as tim 99X9ur9d 
baxiA tr«at9d ia ^ 9 aant W9gr« f lg» 33 ljaildat99 tli9 9aXil»rati9a 
91UCT9 la. 'fe9rB» 9if iralin9 oont9itt! of tiir9ia1}izi aXong %Tcm ai}«9S.99a 
and th9 V99p9«tl?r« dptioal d9nsiti98 along tha or&iziat9t From ^19 
9urr9 tli9 -raXliui #«iil9ixl of asgr propazutloa aa dstormtnoA Ir ^ ^ 
prooodttm 4999i*i%9l waa oxpreasod In tonni of thrombin t^nlralaiife 
i n JSm unit*. 
In a t y ^ a l 9xp9rlaant» w)i9n about 890^000 tinita (^ purif ltd 
throabln (oalffiMliad from Ita TaXia9 ooatoni) W9r9 uo9d for ooii^llag 
to tii9 99p93jrMi9t ^^* total roooTorsr In tarns of •aXin9 9f«t9iik 
waa of tii9 orifT i f 240*000 unit9 of tiiroabln in tli9 for« «l OOPf, 
Sh9 ylelA miM «MI about &dii* &9 groaa spaolTlo a9tiTlt7» 1^  
oorr90t9d aoo9iilag to tb.a YiaM of ooi^loA tnroabin, wotsOA giro 
a 9oxr99t94 ^m^m arounA S.axlO*^ moXoa/IlH unlt/i&ln %§» about 
id par 09i!l iaataail of 10 p9r oanb as liiAliat9d 9arli9rt 
of water Insolublo thrombin towai^a 9yntb9tl9 9ub9trat9 111(9 fiUte 
waa t9at9&* It la laaiBat9d In tli9 flow ahart fabla T i l l tOiat tlia 
aotirlty la 9ei9X9t93j prot90t9d for aaarSy thr99 waolca in proa9ae9 
of 50^ g2^99rol at 400* Without i t , alaeat 80# aetlrlty la loot 
i n 3 dayo» anA aora than «0^ In thraa wa9ka at 4*0. P»9ta9tlon of 
ooXubla tliroiabln 1^ S0# glyooroX baa boon dsaorlbod bf Jobnaon <XM8)» 
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^fJ^MH^ti W fUeiSiSfB) JM^Ui&M tlMOHBIH 
assay mm^tA %gr SAils lisrdz^lysla 
(withsixt glyaarol) (witli glyssvol) 
olRPifftia aXottiiig waa slMiarrsd «li«ii iasaliatoJLa tiuroBi1ii& waa addsft ta 
f iliriaaiaa at 97^0* SQJM paUst-^ofiiatiaa IseroSartug ti^ « laaoXalila 
throa^ia tool plaia In tHa iaou^tioa aistifira* How«r«x»t afttr 
S5..J0 aliia*t «^aa tj^ a alstaza was ohiXXa&t a $»! tormsA «hlah 
«l»aat«4 9Wf9pv^tWiM9 aa doaoTllMa Hy Sliaiaaff aad fago (1968)* 
AmoxAlsg to tlio vttwa of thooa attthara, wHoa tlia thifc^ aMn oooooat-
ratioa la liaitoA or wiioii fiJbvlmmn is la ^eoaaa, tlWin forati 
Aooo aot 9o3aratxls« to f i^iaF-alot but raaato with oxoooo tViwimgam 
to form a gol imiah prooipltatoa in ooXd and diaoolTos at 97^0, 
fhlo oold-^iraolpltablo f il»rlii»pxoou»oy l^ ao bean doolgaatod aa 
0x70970^Uxpia* It was Ixxtoraatiag to note tHat a siaglo aliqtaot 
^ iaaelabJlo mroabia eould goX sovozaX tultos of f ibrinogOA sf^ataa. 
'62 
TAMe HYDROLYSIS BY INSOLUBLE THROMBIN 
b a-
u 5-
6 0-
3 5-
3 0-
2 5-
2 0-
1 5-
1 0-
5-
CONTROL HYDROLYSIS OF TAM« 
WITH INSOLUBLE THROMBIN 
HYDROLYSIS OF TAM« WITH _ 
INSOLUBLE THROMBIN WITH FACTOR V 
HYDROLYSIS OF TAM« WITH INSOLUBLE 
THROMBIN PRETREATED WITH BUT WASHED 
OFF FACTOR J 
TAMs ADDED 
5 7 
t 
INSOLUBLE 
ADDED 
8 9 10 11 
MINUTES 
THROMBIN 
17 18 19 20 
pwe9 
163 
Oeatrol tm^ «oiitfti»&ig duly 9%dlym«r 4 M not show ai3^  sff sot* 
f oiraatloA mi^  dissolxitioa «f tiuiss eleta oamot ba dma to tka 
prattlpitatl^ii of **9o34 laaolul^la glslraliA** siasa ooixlrol wi«i 
oalgr «i^ o3a^ »a7 uadav aimilar aamiitioaa gara aa^^tlTa raaoXta* 
fm l&taxf aranda in tha dixaot raa«tloa of Inael^ Oila tuvaaMa 
witu tl^w^xm&en^ aeorartiivi i t to f iteriJi eXetf and aot ia oaaa of 
fAMa hydi^lysia aould ^ ai^lAiaad on tlw ^asii of tHa moiaouiair 
aisaa oC t&a zvafaatira su^tmtaa* ^ a aXtaxnata «»plaaation 
eonUl \m tliat f i1»riii foinaad in mioi^ o aaemata at tha Initiation «f 
tiMi pm9*m ooaM %a praaipitatad aroiuad tlia i&olaoula of iaaolnlils 
^&»igbl3^ thma aaaling it off firoa fux^ar eoataot wit!i f itoiaogtBt 
|ntay«atioa of f aotor t agd inaoXa^la ttiroatfeint fha tspmeU 
sMB^m at fAlfo iiydTO:^ 9ia vava oasriad out i&v thrombin aetirity ia 
tlia praaanoa or abaanoa of f aotor Y# f aator T waa add ad to nM If 
tbaca IMUi ai^ oliaBga in t^a rata of h^^olyaii dua to aa;f aativatiatt 
of tiiir<HiiN^ i r ^MlNNT f I M if 4»«i iA mm 9i pmmmwmM y^mm 
tHa pT9mm$ of faotair ? inssvaaM («• 4aiii«itead Xatar) -ma 
Toloaitir of t&a xaaation to naara^ r taiaa ita oonHroX rata* 
It waa intaf^ating to aota aa dapiatad in fig, 36 tliat 
f aotor t wii«:i addad to tluroaHini dooraaaaa t&a Talooity of tka 
raaotion to alaoat half* ^y tliia ^ai^a in ToXooity oooura oould 
not lia axplainad until othar ai^M-iaanta wara daaignad to utvAy 
tha intaraotion of f aotor T and thrombin, Faotor 7 was add ad to 
oapolarntr inaolubla tl&roabin, and tk9 miast^ cra was inou1»atad at 31^ 0 
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f ttr •aiyiag tl»«»» At lattrraia, m aliquot ©f tut stiitiurt mm 
takmn dtil aaft o«atr|f%«d« <ma aotjbrit;^ ^ faster T wa« ataaurtft 
l a «!• ai^ariiataiit mA al«o in tha praolpitata^ af tar washing 
tl^t f f s t i f i t a t s 9i6!kmmttr%l^ witk do34 saXiaa, fha aettrll^ 1% 
tills prssl^itats was nsasur^ aftsr Tssuspsadllag i t to ths origiaaX 
rolvam (sf tlis alit^ist)* Shis sacpsflatrnt was paifdrasd vmtag 
Tsrious dilutis&s af f aetor T and sdnstant thxoabia aai 'rios«^s7sa« 
iSsst of ^ « astiritjr of tmtme t was touwA with prseipitats as 
i a f at)Xs JPL. Saas thin« happanod ia aass sf IASQIU^IS sopolymar 
$abl« m MimuQ Qi fmtm ? m Qon 
aOff iiieu)»at«d with diffSI?9SEI uaits @f 
faotsi* V at 37^0 for S aim fastor ? 
ast ir i ty assays& with ^6s4 aystsa • 
in ths whols anspsasioiiy in ths rss\ui* 
psiiis4 sJSl ^ ^^^^ ^ ^ ^ '^^* suparaats, 
BssiiX^ show the distrilnitioa i a 
units V/ni, 
fatal aotiTitr 
ia wiiols 
staspsasisa 
Aotiritr ia 
rssuspsaAsft 
oopf prsol^ 
pitats 
AetiTity ia 
ths 3i;^smats 
3i0 
If 
10 
230 
13 
10 
loas 
loas 
prothroa^ia also to hs dessri]is4 shortly* fhs slutioa of f aotor ? 
astivity f roffl ths prooipitats was tris4 with saHas of iaorsasiag/ 
dsartasias ioaio strsagfeh at Tarioos tss^«ratarss riM^f 0^ »2d®» 37^ 
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auA pH %«% wa» im^w iovssA to %« ooB^lito* fhls biaaing of factor t 
lif laaoim^o throalilB. «ouM poaoSbljr b« tbo roasoa wligr f AUt 1I^X«K 
Ijrol* iQT lAOoXttbXo tlupoi^la wa» <lftp]roMi«d la pt99mm% of f aotor f • 
S&iros^ lii tMJjif la eoiftliiiiatioii of f aotor Y oouM joot foaoi^a^ 
&yd£92ar»o mtt SJUI* witJti ttao* «ff ioiooo^r ao i t wouli timrt la t&o 
absoaoo of f aotor ?» It waa thoiagti, thopaf ofo, to hm9 aaotbor 
typo of inaoXtibXo noXoouLto to aoo if tills bii»ilag la ooafira«&« 
Soino tlio propavatioji of MOf ox* IromoaootrX^oUuloao throttbia 
was att«afto4» 
SJSgSSSiSSi* l^oaoaool^i oolluloso l&rottbiii« horatofor^ raforrad 
aa *'340f ** waa propa»4 aoooMiag to tho iMitlio4 of Jagaa&oif ami 
pato&oifiiik St Saia (1963 )• fan (gpfaaa pow4aro4 oalluloaot 
(Sohlal^or Si SOhiiail Oo. ua4)* waa diapox<aad in a aolixtlon of 
100 MS liroaioaootlo miA {flmlmT s e i^ t l f i s Oo,, lliA) ia 3o j | ^ 
dloacaaa (flidia^ 3oiaix6ifie 00«) aM tba mjbctmra waa atianrad at 
rooA tai^azataro f ^  UQ boura« iaraalgr f ITO S I ^ Ba?oaoaoa^ X 
brooido (flavor iolaat:&f is Oo,) waa addai and iba atlwio^ eoatimiad 
for aaet^ar $*-9 homm^ fioaXljr wataiP waa addaft to tka Tiaooua 
ttlxtux«« mA t&a wlilta ooXid pliaaa wasliad «iliftuatl7a3ar with Qt%^ 
ao&iais bloarlioaatat @iM thaa with watar, tha partiouXi^ lot of 
: bcoaioaaatyX oalluloaa uaocl hsA f^Q^ broaiaa '^ wai#t | or 
approxiaataly ona broaiaa for 9^9x7 two fXwoaa raaMtisa or 
UmS alXXlsoXaa of broadna/ga of oaXXuIoaa <larJbrativa« fhia 
laatarlaX f oraad ooraXaat bonds rapidly with auXj^ ydx^ X groiipa 
at p3 6 and abeirai or with avallal»Xa amSaa groupa at ^ d aad at»o<ra» 
1B6 
Xa lMt2i «ait«9 ^ « vtootlott wmf wm f^mA to imtmmm m ^ o 
w«s iwiooA. SoliiKlo tliKcmbIa mm ^otaal to tlilo oolalooo doii:r&ttro 
to tfoaloF i t iQ»ol«tbIo« Hmidlvod jg of di^ lixoaooootrX ooXXaXooOf 
ttmOkly ffoi^ ttvod woo «oi£^od o«fe» «as&«d tlu^ Loo wltH %f^ i^ oo t^i&to 
baffor p8 ?! thoa witk 0 , ^ oodJiiia olilovldOi and xvowpoadod la a 
oaaH ToXuao (Sj^ OJf Xooo) of plioosliatOMiitiato buCfov (0«ai|| asd 
0*a5i| roop«etiaro3r) p9i v^d* to thlUf mm addod 10 Jf of ooXii^ 3« 
throaHia ptrnwimiM^ terou#it to ^ 4«««itli p&oi|^to<-oit^to littffor« 
mo ai3idltii!<o vaa tfaiiaf o i r ^ to a oaall olXlooaisod mi»m«^mr 
ilmik asd a oaalX aaouat of Bow a^oxsOag aatlf oaa k mm apmigrad* 
flio f laak wao pXaood oa a aagaotio otixror sad ttio atiiviai^ waa 
eoetiiBiod for 30 l ^ « ^ o miatwo vao thm, ooiitrifnfod and watfuod 
twiAO vitli oaXiao* AH ai^oraataato w«r« ad jastod to a a«all«r 
ToXaao and pretola waa doto3?miaod» fho foXXot waa oijoponlod la 
5 aX of 0»05J otIiattoXaalao ooataialiig 0«2|| aodlaa owrliOBatOt i^ S«7 
aai axaowod to atogr ororali^t In ooXd, f&« aoXido mmf agaia 
waahod t&roo tlaoo mtKk aaXiao and ffotoia waa ataaaxod la aXX 
tuo a^ poxw&taata* mo aaotmt sC protoia lioaad to tlio ooXXaXooo 
waa oatiaalod tr^m Hm diff oroiiio iNtoooa tiio 9H$i.,rmX aaomil of 
t&Toailila aad t&o to^X protoia f oaad ia aXX tbo anipoztaaataat 
aoXutioaa« mo iat^raatioa of f aator T miM BAOf waa ottidiod. 
m« aotlritar of Mmi for fl^Xaogoa oXottiag tiao aad fAilo bydiro* 
lyala waa aXao toatod* OXott lag aotlTlty waa triad oa f il»fiaofoa 
fAlto liydroS^aia )^ Mm mm poiCoraod la tlio aaiM way aa 
doooriliod oarXior mim 0OF2I* &o 2«to waa fouM to 1^ of «lio 
ofd^ of 9«Sacl0*^ aoXoa/ni3|/6ait throalbia* iOf ^oa ooi^ scrod witH 
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«!• aotf ^ « fUU of MitiaUsm 1& B^ Of was ia th« mag« «f 
dd p«r d«iil»» jyj* M@f WM mhm% 3 %!»•• »or« off ioioiit iStkm 0Off, 
9i«» Sf wui lai&lfta«« ^ « mt« df f AM* ^r^ml^U wim Aiff •MOI 
•#aB«ali«ti«»i «^ tiM s^ ifertarata fAlfo 9xl@^J to 0*9x|f^J« fho !!« 
««3a«lAt«i f voft ^ « data wao f oua^ to 1i« aiPoiuA SxlO^Jj^  wHisii wo«M 
H fairly eloot to tlio Ka Talmo for OOBT 3«32aad*^J| aaA ooliiUo 
throabia (3,33sld** j^D iailoatoA oarllor, 
VUkfWSiM* ^^^^^^tioa ^ f aotor T with BAOf was posfopMA aa tlit 
Aotaila stroa ia tHo tabXo & 1iol«w, t^tfiaA f aotor f AiIuto4 to 
giro aotiri^jr XOM t&an f iro imito/al of T woo aooa|ro4 ia ast4 igr»toa* 
faotor T lA ai^propriato 4iltitioa was iaoutotod wjtiii 
23«£ BAOf/al fatt«r V oolulioa at 3?^6, la tnio oomoslfatioa BASf 
41A not oXot X aH of 1^ f iteriaogoa oolutioa in aoro thaa 3 alamos 
aor did i t olot ItlAiik, a^ od plaoaa (outMtrato p3a8!iia txood for 
f aotor T aooi^ ') Im 3 aiaatoo* AXi%«ioto f roa tho aixtmr* woro talKoa 
o«rl h^9T9 iaoa^atioa aad at intozvaXa of SS T, i3% IS aixutoo* 
iastt^atioa* Mam. aUttwt waa l^otod ^tmoMmmmm'X^ for i t s f aotor t 
aotirity ao woXI an f or ^roaHz^^f itiriaojoa roa«tl»a« As oliowa 
in thio ta^lo» tHo f aotor 7 aottritjrt liof oro iaou^atioa wa» 
3 tmito/aX and aftor Z aiaa«» at 37 0 i t booaao 3d0 uaits/aX aaA 
at auoooodiag iatovraXo, i t roaaiaod 330 uaito« Sho dou^ that 
proooaeo of oxtra throaihia a i ^ t eauao this olottiag oamot ho 
TaXid a« io ohowa hy aagativo f ihrioogoa roaotioa psrforaod 
oiauXtaaooaoXy with oaoh aat^ X^o* Whoa MhQT hoatod for six houro 
ia hoiXiag wator hath waa iaouhatod with f aotor t at 3?®Q» mo 
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tt«%%w t aetlrity was Isss thaa 1 uait &iA m tx^vimm^ o^t 
UflEtiX 9 aiaitas* 'Hhm. fas tor ? aloas was dilixtsA witii buff sr 
iaatssA of MSn suspoasloat %im aotlTlty of f aotor T was loss 
tlisa 1 w^H/wX aaA ao f ItoirlJaoi^ oiot u&til 3 aiaatos« 
fablo XX loiioatos tkat wiioa U«Ottg of B40f was aixoi witli 
ZOO units of faotoF T aM iaouliatod for 60 soeoaAs« ooa^ifugdl 
for 30 soooals ia ooM (8^0), tlia prooipitato was wasHoft 1^oroa#i2jr 
w i ^ oo34 saXiao aaA rtsuspoii&oi to tho origiaai Toliaao* Stio 
•upoxvflftat aal tho rMaspeaftod prooipitato was assayod for i t s 
f astflor f aittlanty W "^9 ^ e»^ a«sa^ systoa* 4s a eoatroi sipori* 
Ao^ MM was iaaetlTatod bjr boiiiag ia wator bath for stc Hoars 
aaA thoa assajrod ia t)io aaait smai^ r* As i t is iadieatoA ia this 
tabio vriioa MQf was aotiTOf i t boaalo with f aotor T mvA tho faotor T 
aotirit7 rosi&od aoar3y oatiro% ia tho prooipitato, Oal^ r aogligiblo 
aaouat romiaoA ia tho siQ>oraato« Oa tho othor hmA whoa MQf was 
inaeti-ratodt thoro appoarod to bo no biaAiai; ia prooipitato and 
aXX faotor T astiTitjr was rosororod ia tho si;|^ oraataiii« 
f.W1l>%i f^  U^t^mnW, ^^MM ,P^ I* ^•^^^ siottiag 
of f ibriao^a solatioa was poiCormd by taliiag i al of 1^ purif lod 
f ibriao^a ia 0«^ sodioa ^esphato baff«r i0. S«3, aad 0*3j^ of 
BAOf (i4da«) was add ad* Olottiag tiao of MQT was prorioaoly tostod 
at 31^0 with aaao f ibriaois^ solatimi aad diliitioa of MOf was 
adjastod ia suoh a way as to hsoro a oXottiag t too of 135 sooosds* 
fho dotaila of tho oa^oriaaiit as dosigaod art iadisatod horoiat 
?aHorT iasi^utod with mvt$ Mm/vH 
for 9$* at 37*0* AXi^uoto %akm im% 
at affolf ioA imorraXs and aasayoA 
for factor T aotirlty ia Agod ayittfiii 
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maatod f or S bra* la WiSJUig watar ha^A* 
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(i) 1 1^ »f tmvimm^ and 0*X 1^ M@$ ktpt at 37^0 for 
60 mtonijii ^ « aixliaw ••aiTifugtd at 9m« for 30 soooailo an! 
•n^osraiitaal traaafomA to aao'^or dry tu%t at S7^<@ to oteorfo 
for tlio olotf 
( i i ) to tlio prooipltato was addod 1 j^ j^  of tvmh. f itetitogoa 
•olirtloa at 37^0, iaott^atod for $0 ooooa^o ooatrifmgeA for 
30 oooosdo ao aliovo maA tho oii^ orziataat ai^ia traii^orrod to 
aaotlior Ar^ r tubo to obsorvo for tko olot« fki9 proolpitato «ao 
«iaia txaatod «i1^ ^ | ^ ^ f rooli tllafrismg^n aoXxilloa ao dooorli^A 
alM o^ aad tito prooodwo was ropoatod fisf tiaoo, la. f irot fo«ir 
tvdtoot tlio oi^oraatoo h&A f ira oloto iM H ^.% la tiio f Iftk tute 
tuo oxot vao not ao firm ^sA imm %h9 uixMa. tiioro wa« m olot 
at eai« Oa otorago at 3^^a i& SO^  Sl^oroX MOf romalaod 
approaeiaatol^ r ^0*fQ^ aotJsro for a aostli ^oa tootod l|r fibriaogoa 
0lotting tl»t« 
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m:wmmMM. mm^.im^M mm.j. 
^viSithxmiSti^i Pvothst^vUbiM. was isoXatsA f sen iMrrins plaMW^ BZsst 
was soUsstsd iA % pB3P% 0«11 ssiiua eaeaiats as iisi^ «9<iafft3Aiii ts 
9 parts 1»ls9d« Bloods was soXlaetsd laBtdiatsSsr tTom tlis saf^tH 
artory as sooa as tiais aoinal was sasxlf Issd* OdXlsstioa was isiAs 
lA pslytliwis bdttlss and kept i«ii«rs«d ia Sss during trazisit aad 
prsssssiiig* fXasaa was saparatsd at 4^ @ 1^ ssaatrifvi^itiea, Sspsmts^ 
pXasBA was ssatrlfttgsd again at l^OO^ SSOO vpm at 4% ts gst rid of 
pXatsXsta* SIis aotiirlty ^ f lat«I«t«€r»s pXasaa was oMsslesd ^ sss 
ajad tws stags asthsd as dsssri^sd sarilsr and tlasa was trsatsd wiHi 
Hariua sulfliats (Hagr and dak«r)t in tUs pn^srti^a sf iOO«g 
laio^ par » i pXasaa^  and k^t madsr stirring at 4%l far oim hma»* 
It was oaatrifiigsd again at 2300 rp» at i^ »4^0 for 1^ f ^ flis 
sijpsmataat was s&sslttfd for proi^iroa^ia astiritr tgr ^as stags a»d 
tws stags Msthsds (Ottlskt l ^ f ) asd was f (mad to ¥• f rss frwB 
prothrsaiMiiii* Sarlatt s^Xphats psiXst was ww^sd ia soXd saXlss 
(0«iiil)f ia t3is prsfsrtisi:! of ii|y/i0Ojy^ pXasss^ aiad ssoEfcrlfagsd 
at 8000 rpa at 4^ 0 for 15 mj^ l&is wasliiag was r^satsd twis* 
witb saXias aad twios wi«i 0*OOSJ| ssdiaa sitrats soXutioat 1 ^ 
par 100 sSk pXasaa« ms wasasd prssipltats was thsa tr^tsd wiHi 
0«X£i sodj^a oitratst pB 7f3, ia t&s preportiea of 13 j^^ psr XOOj^  
pXasm, Th» snapansisa was stirrsdwita a aagostis stirrsr at 4^ 0 
£QV -^irty alavitaa aad t&a saparaataat was obtaiaad Igr oantrifiapk* 
tisa* 
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Bi« gttpin'ii|mat was dHjOystd ia doM a«aimt t«a tijw« 
•034UW of Oti&J ndAliis <ailorlA« tor 24 limizw wiD^ S-3 r«p«at«<l 
Qbaa«Mb m« &lAl^ »ift •asq^lt v&m o]b«9lco4 fer Its a0tl;!rity a«alA 
V oii# aa& tV0 »t«g# pzotturealiiii assay aail for pretsim dostcak at 
tSOaa* ^ i a iplaaaa al^ oata <xt ImxjU&m auXpliata Xa^Uai aa (Pli^S) 
was f imlUy «s«4 for ftirtdiiar fmjrlfioatloa on ^Mk'B • 9«I3.ulo8t« 
Bi4i « oaHtileiaa «iio& «ac»liaiiger» (Heiilaioliar a Squall 
Oo« 0SA) 0«9»aq/ia) waa vailiad witli aoid ageid alJeaU aaA tXmXfy 
miMk dwilttaraUsa^ watar to ii«tttz«.llty« Sua alnrxy vaa allewt& to 
•attlo oa a aillaosliiadt glass ooltiaa $0XI.«99MI ^ ipneri^ aa& 
oliairgaA with prlaaxy Imffor, 0*05l| ao&lna plioapliata i^ 7*0, fha 
pH of tha ^ f Ittaat waa ohaoleail oa a pH nator, Eailios^ar Oopaiiiagaii 
f9$^ A« ma ioalo atx^ Bigth« u^  was oliaolisd in a Baolsaiaii OoaluotlTlty 
Bstar aad nolAratty oaloiOatadl liQr tha f oxmlat u « ^,"*-, . i^afa 
S 
**•" la mXar oeaoaiHiratlozi of tmh aiagXt ioa and "a** la TaXaaio* 
Slis *?I<42^ was ooaossivatsd to a saaXXaF Toliiaa alt&ar t^ r prass^ ura 
t i a j f sis or )^ osaosHi aot liiaJ^sia usiag f?f* Aftar ooaoaatratloiit 
t^a ansiAs fl iAfI was (lial^sad for 4 |yQ| i a ooM rooa ali S^^a 
aipaiaat ¥uff «r 1» aoiiiUB pHoaffoatOf 0«05J|| i^ 7»0« !Qia a o t l r i ^ 
aeA protalo. sonant wars &9%mtmimaA as aaatloasd profiomaly* B«fS* 
aits aaoaat was piit oa tiia aoluaia* m« stapwia».sliitioa wl-Hi 
iaoraasiag i^ anA molarity w«« oarri«4t out using btiff ®r X 
(0.051 Ao&lKUi pHoapl^ ata lmff«r» pS 7.0}t li^f or XX (0»l|| aoAlaa 
pJ^ osi^ atOi pR 7«9} anl iBuffar III (0*3g sodiua phoapiiato and 1«0J 
•oAiaa oliloridat pH 3*0) • fan | ^ ffaotlons wsra ooXXoetad in (IMi 
atitoaatio frastion oollaetor* f rothroa^la olutod bstwaoa 30 aaA 40|y^ 
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f ig . 39* ati^aa^ ougrt^ Qg ^Umm ^rampom^JA M two-
e ^ L f y i k a aliqi^t aa4 di^diaatt Its 
oX0t««tiaa* 
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PURIFIED PROTHROMBIN 
TWO STAGE STANDARD CURVE 
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flg*40» (Jta4ttl)t A^aaiaaa |aftiiBK|«« pro-l* 
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of %U% UbiitA «ff lttaii'l« Wt^t9lR ooaltat was d0-|«p9sla«4 &t Saova 
(fat4«ns Xi@i) and ligr feUa's Mtned (WijisUrt X9S5)« iMitiTi'lr 
was dttaimiiiad %gr bo^ eiia aiid twd atmga satj^ oda for 1^assay of 
{^ rothroaUta a« Aooorlbti aarllar, 4 ^fpisal fattarn of W^ SMkB^ 
oluroaatogram i t 4«piol(ad In tHa f i#i3^ 3@« ma hi^ attlTilQr poako 
wofo ooaooinirat^ aaA i*ft f rossoa wltk 0»3f aiai«ea« «r io^ £aar««rol 
4a aallaa at «S(^ @ to praaanra tWt aotirlty* %ao|#li aotlTlty of 
%h9 aotlTo fx«stioa waa fouM to >a 4000 iiaiti|/«g ]^s«t«te aa 
ooaparad to ti^ a alasrliag plaama wim 31 iiait«/«g ]^ ^^y&« furif i -
oatioa aobalToft ««i tl^ iia aoav^ 130 folds* Ho atti i i^ vas atado 
to mrnvB f aot#«i f IXf ^$ a«& X* f igs« 99 axU 40 H^ll alio* ma 
rolatlTo aXopas ft tlia stan&axd ottxraa (two ata^) i t»s w l ^ plasaa 
mad purif lad i^ ?«tl0ieakiii» 
fills a«tilFt^«iuPif Isd px t^HfOtt^ la was lillUsat f»r tlia 
pirapavatloa of iMWlmbla pfoHiifostbta tr so^HJii tUs AliSBotisaA 
oopolar«a3? sf 'f ••imlioi Tl^f^»j^'lMaaa.liia aad lM*la«itiiit I s tlia saas 
mmmv as iaaolnlils Idumakla {mn) van pn^a«sd« IMNi«a^U 99s« 
tiifoiri^ la (QOff&lf ^fmB |pM^{g>^jya<itt#^y»i»ls^t«^^ ssriawa aaaWui 
at i^^o ia m^ ^^Ftsi^^ -tt.mmimmt^-^. m «1^^» tsir a loagsv 
pariod tliaa lasolalila t&xoidlla* SSia aatvass astlTlty sf protur^iteia 
rasalaad woiiaagad f oir m^^m wliaa mmawt^A ^ A^Ma aydrol^ais j^ j^i 
aofo da^ 0«03axl0*^ aolM/al& aftav %Q dayrs OtOMiiO**^  »olas/aia 
(@luaele aad a^ p^z^ t 1934), 
Whaawrar raqiulsrad^  OOPPE was aotlTatsd %f f aotoy T, EVt-
oaplkalla mlxtuz^ aad salsiaa loas at 37^0 as desorlbad lialow and 
tba aetlTlty was assa^od ^ 9AXa ii^dfolr^is* 
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ror 5',37°0 
Hliuzt«s 
t-ptik^ »> 
at 37^0 for a «|j|ti1i««* iUi^uot takoa aftor 
i|o§l) Wmm^iS^S^!mmfwrpit^axwuM 
lolwiti i l7Y««opiiallXL alxluro ami oaloJbim 
aotlTalioii aaA toatod for oatoraao aotlTitir 
witii fikifai* Eatoa of ii^^rel^aSs shown i^aa 13io 
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eai^Xt of 80lm l^« pirot^ x^aHia was aotivattd at 97^0 f @ir 9 jyg in 
th9 prasaattf ^ ta»tE^ 7i HuMia21<»Tlp«xMrtiiii8i^ «pliaXift sdbcttira as 
thjron^laatia iviiiiitata and ealdina ioiui (H|orlt X^S)« A i^UmX 
tmt9T ?t 0*® J i lirr-et^alia mixt^ opa (S itf ir7 la lOci m of OttSS 
par oaift oailuuliA Im tfia Inftart pi 7,$5) and 0*2 g | •iOoliiia 
elilerida (§»03§Jf) aad iSm imala alxtura was limul^ aliad a% 37^ 0 for 
S l l i ' Aa appsofiialo allq,u9% «a« taliaa Qut af thia li»uliatad 
aUi^ uva al thtt mA af tk« laouMtiea and ita ^iroalila aatlTlty waa 
aaa«^ad ^ fAila )iardx^2yaia aa daaori^ad aaipiiar* 3&« auliatrata 
waa atuilltratad at M^Q bofara tHa addition of t&s l^uWtttd alxturc 
la a dau^ a-^ j«Mi]ii^ Et«d aiXlaoalaad glaoo or polar'^ aaa fa l l ai9d tiia 
rata of lifdro3yai8 of fAMa was titrated at igB. 7«0 vi1& t&a iiaa^ of 
Eadioaatar pS^atat uaiog aodium ^^roKlda aa datallod Mtrliar* 
fig, 41 iadioataa tita raaulta of a typioaX asparia^t* !&a faataat 
rata of fAiit li^fiJ^aia waa oinaiaad imaa tlia inoubatad aixtmra 
waa fuller ooa|liaa4^ad mA a«taJMiod AH ma raagaati aa daoorl^td 
abova* In tiM a^aaaa* | i fatt»r Y tiM iWlt ima aa»f% lialf» tikUa 
ia th9 alMiffinoa ^ irf<««aslLaXia or oalalaa ioa tliara waa vary Xitt3.a 
li^dsolyoia of tlia au%atrata« Bie titratloa otirvaa tlma aaiow tlint 
for tho gaaaratioa of throaliia f roa protliroaHin* tliroa^plastia 
(or ita aiilwtltata) and oalalaa i&nm ara aaoaatlali w&ila faotor T, 
thQia0x net aawaaliaXi would aooaltzuto tlia aotiratioa prooesa TM^ 
algntflaaiitly* 
A aialiar «3^ariaazil waa sklao doaa witl^  laaoMbla t^ ^^ uroal^ jEi 
wniok waa aotlf&tod If tHa aetivatlng mixtmra uaod for t^a aalubla 
TAMe HYDROLYSIS 
BY INSOLUBLE PROTHROMBIN 
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mSmSSsm^i IIWIIIISWMIIMI" jmiTiffiliCTiffiSraffii i i^» IilS> 
ig« 4^ JU 
m 
using iiui0luia.« fTotluPdalila aft«r astivatioA* 
Bit yat« of fAMe j& r^(i%aiai 1^  th9 astlarfltlii pr)9lt^ 2i99klii 
(Oa?J^ &) in a «o%X«t« eEr»^ «a was agala ^9 h%f^99% tHypli K^t 
o^aia^d IA tlM a^oaeia of f aetor T mm a %iiif ioaiitl^ aldir^r* 
Xa tii9 ateaasa of aalsla&m loaa, inaoXulsIa pratlxx^ B^llila aauM m% 
)Mi aatiirat«t %a throai&is and tliaifafara dia aei; liytiiil^at f AMt* 
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mSSniwilwmmmBm 
lASlMfittki jH j[^ (1998} t Xlhalri (IS^)f Bufw^sLM ft 
9^am#l {19{l7)t (1999)1 aad l^ki j | jy^ t 1904 hmm »i^Tta4 tHat 
aibla afl& tliat t&a raaatlea taleta plaaa in tluraa rar^mi^la at^^ 
writtaa %al«»t ^ a m » aiiA n ara Tazlalila mi»%arai 
9tap 1 • pirataalyalat 
tlizonbiii 
filolaegam (F) —^-^Jr—*««—^ fib!Plii»flio»0]ia3Pa (1) 
1^ 5*3iBaBr«lJf peptide' 
3%mp 11 m. polymavlaatlam 
p8 5»# •• 6«1 
a ( f ) Mii.»i«*ii..«.. III..,1.11.1.1.11111 iM • - > » . . i> Ill I. '^ 3ta (lalaimidiata) 
%fp III • 0lattiasi 
ii(£3ai) •iii.ifiti,.,i,M»i.,.,ii.»-%.«^w,i«' .•..'.»—^ f i l i i P 4 i i e l » t ( S ) 
ma raaatioa (1) pTaoaa&a In tl&a f amrwt^ d tli^atiaa ax^ TwtMtiffm W 
aijA (3) af» i]Eiii%l.tadl» a&an pi af tiia M4laa ia 5*3 mA aj aaAjUui 
broadida Im f iaal aoasantstttiaa ia itaai« At thia pS and ia praaaisa 
of eadlHA iiraalda at ^ l a aa]isaa1ifatlaa« &i^ aalubili"^ baiag 
attaia^a asA. '^ avalisp daaatamiiiaa balaf fipav^ oltad tlia mta of 
aoararaloa of ? «—^ f ia stop ana, ootiM ba f ollawai by ai^ d? 
th3 aararal nathada doaeribad (lagaapylaa ^1 all 19SS, 1959)« $lia 
f ollawiag aa^od was pr^Bvr^A miA tlia £K»dif iaatiaaai aa d«aa^bad 
balawy wasra momm&ry to atop the tlir^bia aetioa oa f ibriaogam 
at daairad iata£Va3«l and to aekiara «iat * aa iaataalaaaaaa 
1S3 
izS&itoltor to ^roaliin was aftdoA la tlia v«aotion oixtiuv, ft9 
f 
ooaoooftx^tioa of "#** and <*f <* wow datoToiaod diz«ot3jr« siaBfo tbo 
oiottlag of *f ** dooa not X9v»lx% thrombin as iadlaatod aboro* &• 
•grixlliotio aub^tratat tm» was fraf srrod at an liiilbitor to t&s<»al»ia» 
At iitf^ i^itaitjr M|^ ooaoootratloxM of this aattv tis^ x^onbia liydso3ja«a 
fAlfa la a aa^o oxdtr roaotloa witbi a oo^lata oo^oia^ of th« %mjm 
aoloouaas aM txotil moat of tua thm (aiibstfata) ia hjrdTOlysad, 
throaliia dooo not baooao aralXable for thd xaaatloa with fibnnoian 
(aiozry and froUt 3JM}, fhlo laiilbltioii 1^ f4llo applioo to tha 
tlureaibia doj^ adaixb otap (1) oaly without lislorfarliig with stapo (2) 
and (3)* If 7AMt w r^o aboontt the oatiro olottlag aatnanoa «o\ild 
prooaad to eoaplotioa uadar tho samo ooaditioaa* fharaforo tho 
fiaito ooaoasferatioas of "f" la tho prooaaoa of **#* aud f^** eaa ba 
dataraiaad only ia tha praaama of fAiit* 
la thia atiidyy tha f Ibrlaogaa aoltitloa waa traatad with 
Xiaitiag ooBoaatratlea of throabla or aotlvatad prothrsiabia* fha 
axparimaat «a« paxf omtd at pB. 6*8, aixl ^®§* At daairad latawala^ 
throabla waa ijaiilbltad b^  tha additiea of SAMa* th9t tubaa vara 
Xaft at rooB taparatara for aavarax hoaro* ^ a ooaoiaars peXyBariaad 
aXowly to f ora f ibrla oXota* tha protaia ooataata of tha olota &.tA 
tha raapaotlsra suparaatao mdlaatad tha raXativa rata of tha ooo-
aus^tioa of fIbriaogaa aijd that of tha ooararalon to fibrin in tha 
rata Xlmltlng eoaoaixferatloa of throabla* 
I* Qoararaloa of f ibriaogwa to f Ibria with aoXabXa throiabltt 
at xM %m^% LyophiXiaad puriflad fibriaogan (Marolc, Iharpa aai 
Dhoim, tJS4) waa auapaadad aXowly la aaXlaa. OXottabXa protala waa 
FIBRfNOGEN FIBRIN CONVERSION BY 
THROMBIN (Soluble) AT ph 6-8 
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?i#* 43» deaariflfa 
iTtT^.I.^^ 
wifti olu^aategrafli«& tiufoatelA at 37^0 at j ^ 6*S 
asA roaetion atoppod at dosizod intowaXa fesr 
th« aiiditioa of fAMo to tliff iaoubatod aixturo» 
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d«-t«mia.94 eoA mem diX\i:l«d t@ a ^oastnlmtioa of Zmmg/tmrnX wifn 
fri»»biiff 9ip«d««aXlii«« pa i«8* i^^ x^a i^a tof lual (Fafin Bmris aaA 
ao«, V3A) wait puslf l.«i S.1 foX4» «& am^«iflit« OO-SOf ^pa II QdXiMii 
a« dttairiWl ia •a«l&«r o&^ttr* f!•• 8XH unltt/aX «•«• «»«dl for 
tlitd* «cp«3PiaMat«* f JUte, was md«4 at a ooj^antiraliloii of 0«41| aiA 
pU S«S to o t ^ tluNNiktii rtatti<m« 
to iOi^ of f iiyibtsgoa saX^loa w«7« adS«d 3 fia tmita of 
tua^abia at 8d^ a« f t taoh of a«fozaX oiaoJ^  ttdi««» X j^t «r fAlio wan 
ii4do4 at Xi^ owaXa ^ X3| 30, dO, 90t XSO soooa&B. 4 IXaiilc tulio 
was tBkm. otti aft«r S al»utoo aa a ooi^Xoto oXot, t l i^ fAMtt mm 
itddo4* itTO tlao oaapXo mm talmm, mh^m fAla was adldol parlo]? to 
tluroabiii aMltio% AXX %h9 tu%m woz« Icopt at room toi^oxaturo 
(S9*S9^ C) for M hmxi* At tho onA of tbia ptrlod^ Tlat^Xo olottiag 
appoarod ia soso i^ tko tm¥oa« flio tutea woifo ooatriftifod ami tiio 
aii^oiraataata vox* wm& at Z9^mu for px^toia la a doolraaa I^ 
8p«otro^otoa»tor imlmg "^ Aiio aa ¥aaak« f&o wairoXoiigtii of 8Mmm 
waa ohoaong ^ooanao t&o proaofxio of fAXo Xmtoxf«ro& at l^ KI«u« 
lottXoholiii X9S4, lyroi^ M i^oo j l j ^ t X^i« fiti^tlii waa iot«mlaoA 
in tho omporaatoa at woXX as la tbo oXota ^ t&o oo&if loA lltirot 
aetbod imma,iM jr| j^i X9dX) at momi ia a ooXoaaa Jiuilor 
apootroptiotoaator* 
f)io f Iguro 43 ahowa tko plot of tl^ o roaotioa pattara waofo 
th9 ooaooairatloa of "f ** la a i^poraato (f ibrlisogon) ia dooroaaiag 
or bolag ooaatuiod ani ^o fos^iatioa of laooomora f^** la laoroaalag* 
7aXuoa of **f ** woro talcon by tho Eiaount of protola olitaiii»d la tlio 
auporaataata aa foXXowat 
i8G 
f0 «. ?f0t«ltt in tHi ««^traato i n s«ro t iao MU^IO, 
f%«rt SAUt waa aM«& prior to thr<xi1iiii 
f^ « laaiTiiilmX roailiago in&ioatlag **?>* roaainlag 
in tlio t^omatoo at S4ifo intorrala 
Timm^mU t l M M* ^l^iUo prothTOm i^n wa» purif iod froa 
bonrlna pXaana bjr MkM -* oallulo^o ohrooatoirajpi^ as tosorl^oa in 
oarHor Raptor* Hit parif i«d f paotlon wm prosozrod at -Mo^Q 
in pr«a«aoo of 0«3l| auoroao or @0^  glyoorol in ailiooaisod 
glas«i(ar«» It «aa aotiYatod to tliroaliin at 3?®Qt iaaodiatoJ^r 
]|«f or* moo and t2io oaoun&o oquiraXont to i i H tiiroiakin irox« usod* 
flia aotlaration aiacluro oontaiaiag p«ro protliroabiay piiro f aotor ?f 
riia8oll*o Tipor •ono»*oo|balln aM ealAimi olilorMo 0*035M wag 
kept at 37^0 for 9 sij|y for ooa^lote tliroaiMn eoavoraioa* fibriaogon 
soXofelon wa» aooilg par IQOf^  pH i«3« fjyio 0*4M i^ l 9*3 was uooA to 
i i i i ibit tli« roaotion* 
to oaoli tubo ooslaii^Jig lOi^ ^ f Uriaogon seliation waa addad 
an aliqaot of aotiratod proiSiroabin idjel^iro •{lul^ralaat to 9 IXR 
uaita at tnH» E«aeti«i vaa blooltod witM i a | f AJIo in oaoh tubo 
at intosrala of lOf iOt 30» 40y 30 aoooada, loro tiao oaaplo was 
takon wHoro f AMo waa oddtd prior to throabin addition* Blank t iso 
was tha aa^ltt «!iish was allowed to olot ooa^latoly for 9 aiantoSf 
aad lOian fiJio was addtd« All tlia tubas woro kopt at room 
tea|>oratiiro (SO-@a^ a) for IB hours, Visiblo olotting appsarad in 
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OF FIBRINOGEN —- FIBRIN 
PROTHROMBIN AT pH 6-8 
f 8. F with I (act ive) 
f ' & F ' without I ( inactive , boi 
F' 
2 0 30 AO 50 
TIME OF INCUBATION (Second) 
led) 
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"t 
?ig«,44# r«v«ilAii of f l^ i f lnaimn 
III l a i l l l M I B ^ ^ M f IN- I • M ' ^ ^ ^ J f c f c M l l l l f c ^,^^^^^^^gf^^mm^gM^^^.^ag^ ^t^^t^^JT^MM ' iSU* iBiifl|Mi»ytiin pMhiiiiiiipBinCTi^iTal It S i^a i ls £QT 
mtisraMiau me^m BM \xBAmf fig* 41 awl otiiar 
dorlaiXa &» aad«r f ig»43. 
iss 
aosa of tha tu1»aa« fba tuliaa ^•if aaa.tx'ifixg8d and %%'$ aupaxnataa 
wara raad at 394au aa wall aa protain Q&nAmw^ waa dataraiaad 
la tbA auf axnatajita aaA la ttia edata toy lliarat matlidd iaaaala gj^ s^i 
were ilaHar aa9ariaaa:(a/rapaa«a& uaiag aatlsratloii i^^iora aC 
litara prat&ramtolat whom f aotar ? waa oaltta4 tvom t&a alaetura* fiiia 
was plaaaad ta a^w tka liii^ortaaoa &£ f aotar ? IMI an aiMaXax&taF 
for ^ a aaoramlaii af protiiroaMn ta thraai^iii, ma figm« 44 ibawa 
**?« dlae3?aasliig aaA '*f ** laaraaaing mhm, aattratlan lalsttira wss 
aan^Xata anA pxaKliJPOiiitola waa aetlratad ta thraiBblii la tha praaaaaa 
af f aator ? aijft l^ratoaplaatle natarla3.« In -mis fl||ii«y It la 
lataraatiag ta sat a tha algal? iaaat vaXa ef f aator T« wnaa f irtttet 
la pataatf px t^ltvaatola la oon^Iataly aatltatai to thxai^lm aad tlia 
raaatlaa ef f <»»^ f goaa aaoothly* Bat wiiaa f aatar la loaatlvatad 
ar daatrayad IQT iMlXlag, t ^ ? ta f aanraralaa la iaoa^^Iata* fk9 
l l t t la "hmB^ * wlMLoti waa f oujad aa tha atartlai; aaga^its af ?A* 
awTaa aaaaat %a aai^lalaad axoapt aa t&a liasli af l&a f asvatloa af 
tua aaayaa-aubstspvla «a%laa at ^ a l&ltlatlaa of tka yaaotlaat 
Blggav Haa^  waiali pasralataA liMat««r la ?* paltasa taaia ta palai 
ta mxah a paaalblXlty aa %h* raaatlaa la f * was a law wa& t^a aa%lax 
was aat aa traaalaat as wim aoi^Iataly aai^laaaated ayataa 
(MA* i^ -patt<spa)» 
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Data XmXw&aA iM tiiia ^a^tar wilX oXtarly ^^w tka oatwa 
of iatovaatioa hattaaa f aatoir 7 mM tiirosliiii and will also oezi* 
olnsira^ daasiuitFata liiat tmtmt T la nmmma£p^ for tHa aotlTatioa 
of pT&%}ammhiM to thiP«Hi^ la« Xaolata& f aotoip Y aaaas to xataia 
aaou^ of ita natjlara oharaetaristioa a* to lixlayaet wim tltvoaitelii 
noloouloa and H^ ^aault of this iatoxaotiom is a »arlSi4 aotl^atioa 
of f astov 7* BAO t^hToahin did show this poial ooaolusivsIjr* 
aOP->thxoiihlii not har i^ hm^n of h i # aotlvitsr eouH sot hriBg mA 
tha aotiTatiag irola of thromhia on f aotoir f aolaeula* tlSis a^at 
istaraatiag point dasasriiig aaPious attaalioa is ti&a hiiadioi of 
tha f aotor T itolsQuia ^ tha iasoluhla thsoahia-prspas'atioiiSy hoth 
OQP-thjroahin and l^ 0»thJKimhia» iiaoa tha hiadiair was ohsawod i& 
hoth oasas, a ada-apaoif io natusa ^ tha f looaas oan safaly ha 
aa»luda4* lovaovasft data in ta^la XI ahow that tha hii^ia« was 
oal^ o^arrsd uliaa ^ t throahia aolaotilaa wasa f tiaotioaalljr aotlara* 
laaotiratad l&a«1&soial»iii in fast did aot hisd faotor 7 aa laoat of 
i t oould ha raoorofad from tha supaxm t^a* Bata with COP t^hroahihi 
howanrar» wai« not as dapamd i^t as a sigaif Isaal aon^sp«oif is 
adsorption of f aotor T aolsoula oa OOf«»partislaa n^r f i was ohsarrsA* 
fhia ohaarr^ hiadiag of f astor T Igr iasolmhXa '^roahia^praparatioas 
oould aot ha ooasidorad aa aa arfeiMtaot dtia to tha daaatiiratioa 
of throahia aolaeula dtiriag tha prooaaa of thair praparatioa, 
hoeatisa tha laTalmaa for hoth tha iasoluhla throahia-proparatioaa 
wars quits oloas to the Taltsi ohtaiaod with aolubla th3?oahia (fig«34)* 
that throahia hiada f aotor 7 was also iadiraotJIr ooxifiraad 1^  I'll* 36 
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ifiioro OO^-throttliia f^im In eom^laatioa with f astor T wa« oteoWoA 
a aXowor rato of ootoyaoo adtlYity than tHat with t!i« oontvoX* 
^ i a iitiibitovy off tot ooulA %• dua to tha orarlappiag of two 
aotlTt ooataira (attlratioa of f afltor T and aat^raaa aotlTity) oo 
tliat utioa f aoteir T was tount oa tho thxoa^la aoXaoiiXa ti»rt wa« 
aoiM atario biadvaaoa for t&a optiisua aatozaaa aotlvit^r to otour* 
f&la poiat was aet r^e^ appavaal witli tao aolubXo tai?oal»ia and 
that oould bo dui to tlio h%e)x potaaoy of ticm aoXubla proparatioa 
(wharo f aotor V «a0 paomptl^ laaotiratad withla aiattar of aiimtaa} 
or to tha rata of tAi!a hydrol^ala hmlng ^ o n too faat to dataot 
tha dagrto of tha obaz^ uadar tlia ooaditioaa of tha ^cparlaaat 
ooaoarztod* Slia partiaX iidiiMtioa of aataraaa aotlTitr thus 
ooolradiota ^ a aarlior Tiawo oxpraaaad ligr Saagara asd hia 
aoaooiataa (1969) t^at faotor 7 aota aa aa aottrator to throatela 
Itaalff !Eliat propoaad aotiratioawaa mloo aot o^aarrad with 
aolulila throa^ia-praparatioaa* 
l a tlia lator aata of axparinaalai i t ha» baaa danoaitratad 
tliat iaoXatod faotor ? ia aa aooalarator ia taa prootao of aotira-
t ioa of iaolatad protaroaliia. AtA ttm aotivatad produnt did aiaio 
a U tao funotioaa ^ iaolatad taroabla praparatioaay ao far as 
tao aataraaa aotlrity aad %k% f oxmatioa of f i)»ria axa oozxiaraad, 
faia aotiratioa of protliroa1»iat botli aoXublo praparatioaa aM 
aop-prothroBtbiat waa aot o^aiaad at tho optiaum z^ta ualaaa tlia 
aotiratiag aixtaraa oonfcaiaaa faotor 7, fig« 41, 4,2 w i l l aaow 
tha optlBKUi aottration of tha oostplata laixturo ia tarm of ita 
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•ataraaa mtisri^f^ ^UM f i g , 4M aHowa thw saat point in tarva of 
tha ooaraTaioa of ii^atiodgm to f i^zla* In t^t auboatuant olia^taTf 
tlia ^lologiaaX fxup^riiaa «€ afOtl^ ratad prodiet hm* laan atudjbtA moA 
tha data ^ a f o i a w i l l 90xmt t ia t iaelatod f aator Y in waU^of iaai 
aadlim doaa a«tirata pmi^vowStM and tha aotlsratad i^rol^roBtbiii 
eaxTiaa ^ t a U 'tiia liolagloaX f maotioiia ^ laolatad i&voaibla 
i a taxoa ^ threa%iii«platalat«iz9ta3»atloii» 
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Ox^ei&n eoas^o^tlon of ioo j^ated hmmn. platoXoto «a« . 
ooasiurod W Qz oathodo* TIM Qoa wao 14«@^«8au ooloa/aliv^Id*' 
platoXoto wlm addod gltasooo azid tl»4t^,0 w i^ addod gS^ 'OoroX. fhVQm^ia addltlea roouXtod la am isox^oaoo in Qog of oXoroafoM 
XastlBg Z^5 aiaB> foXXowfd br oXimplag of pXatoXota* Wfk bXoeleod 
tlio tlumabin wTf oot* sisiXar off ooto w«ro ootod w&oa pipottooabln 
wao aotlTatod to tJufoabia by iooXatod factor V, oaXsiua i^io aad 
throabopXaatlo aatoriaX. tlio iaoXatod f tutor f mm ^tt« fooal 
to bo a potoot aotlTator of IooXatod pro'iirombiii aad tb« aotiro 
produot liad alX tko bioXogioal proportioo @f ttirojibi«« 
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In pv«rrio\m oiu^tsra tii l&as h99n dsoonstrmtsd tliat f aotor 7 
isoXatsd aoooxdlBg to ^ s proosdurs dsseri^sd rs ta ins apparsat3|r 
i t s nat ivi ty i a t sns i of i t s paartioipation in t h t o l o t t i i ^ proosss, 
partisuiaaPly i t s teiiig aot i ratsd ^ tli£osl»la aa& fasiXitating in 
i t s i9vm tlis ao t i ra t ioa of protiiroialiia to throabin in t&s prssssns 
of tiis ssosssaz^r oefastors* Apart} from %h@ olot t ing of fi1»ria tlis 
proossa of ooagtOatloa doos sosm to t r iggsr off otlisr o&aizis of 
rsaotioas aff sotiog tlis f on^d oXoiaents of blood tiioi? aorpbologio 
WBA nstabolio fuaotioxtal t ra i t* Shrombooytos or platolets ara 
oas 9voh ooiqpoiiant whioh shows a ssrioa Q£ roaotloi>>pattsii» * bot^ bi 
i a tlis mojridiologis sad tlis biooiisieioal paraiaotors iadtiosd th rong 
%h9 pzoQswi of ooaful^ion* fliroatbln ^aa bosa d^soribsd to iadtMis 
Tisoous nataaorphosis and pli^raldal ol^mpiag of p l a t s l a t s whiok 
possibJjT i a i t l a t s a ssquooos of s rsa ts l a tiis potontiatloa of ths 
autooatal^rtlB preesss of ooagalatloa« And oaos olot tsd, ths 
SMObaao-ohsialdal flMH&aaios of tha ooatraotioa of the olot ars also 
sagiassrsd \^ tlis s t ruotural ooi^s^oasat of p la ta la t s iarolred i a 
tbs o lo t t iag «as8« fha sasrg? i a auoh a ooalraotlag systsa sssas 
to bs proiridsd iQr t h s ostabolio adjustasat of p l a t s l s t s as iaduosd 
thxou^ tJ^s proosBS of ooagulatioa* Mstabolio studios oa p la t s l s t s 
l»^ ooorsalioaal aothods has bosa soaaty bsoauis of two limitatloas* 
f i r s t l y , ths i so la t ioa of platislats i a Tiabls fora frost other 
ooataoiaaats ik&m boon oaly a reooat auoooss and aeeoadly, thoy hars 
a soaswhat low astabolio ratwet* 
fho proaoat a ta t s of Icnowlad^ oa ths huisan blood p la te le ts 
i s s t i l l iaooaplets to oer ta ia wctent, althou#i rswardlag sxpsrisaoss 
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siao9 d9ea498 ha;r9 b99ii 4«rot9S to 8tiidi99 oa tli9S9 i^mempX^ttli^ 
•TdlT9d 09XXialar 9X9B192ZIS {imtm&m X96X)« In X33S 31»io89ro 
d9nioii9-|3ra1{9d %h9 pnxt plmyA W pXataXet* l a hlooA 9oai;:uXatloat 
tli9ir adli99iT9a989 A^ paTtieifat ioa in throabi . It was Xat9iP 
di990T9r9d ani (l98ori^9d iiid9p9iid923ft3y that pXa$9X9ts W979 tii9 
8&9d oytopXasoio f raipatnts of m9gakax706yt9S ( t r i i ^ t s i X90dt 
fooaatliist X933 and foalot X94a)» 7h« iimmlv^gi of th« pr9a9n3« 
of pXa8iBs mud 99run oXotting faetors W9V9 th9 pr9X«tui8lt98 for 
tbs dyaamio traanforaatlona wlaioh th9 pXat9X9t8 th9m99X798 uiid9rg9 
aad briog aboat im the i r aadium or 9i»riroi%a9]:it (Biggs 1 X937f 
latnoff t imOi ^99g9r8i XdSge^)* fh9 uXtrastrosture of pXat9X9tft 
ha4 beea 8iao99a8fuX3ar studied bj 9Xe9troa m^sosMop^ (slohuXsiXdSSt 
iobuoic jtl Sl* X^Of iodoaxii X9@2, Jolmsom X9d6)« 
Broads foXXowiag an i»iid8i3i99 of bXesding hsnre been 8tt]di«i 
under the Xight laiorosoope and desoribed* When th9 bXeeding 08Qi»f8 
from saaXX wounds, i t i s «uiT90t9d primariJsr b^ aasses of bXoc^ 
pXateXets* vSiioh pXug the hoXes in ths 83rt9rioX9S and TsmiXes 
(Suokert Xd47, X949)« fhe pXateXets are initiaXly disor9t9 but 
soon beooas fiMsd} loiis prod9SS of appafsn^ aorphoXogioaX fxision 
i s known as visoom aetaiadri^osis or TM* Siaos TM oan be produood 
in v i t ro 1^ thrombin, i t oould be that th9 henostatio pXateXet 
pXugs in TiTQ are aXao produood b(^  th9 aotion of thrombin 
(Stiokeri Xi59, X9dXt liusohert X954a, Bounasseauxt X93?), Witfa^ out 
pXateXets* oXot r e t r ^ t i o n does not ooour* pXatsXets are reported 
to ha:re an aatiTO metaboXisa, oonsti tuting setreraX eisiyaies aiid 
high energy boals (Srossi X i^X^ ^ohettinii X962}» m® earXier 
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s t ^ i A S OH platolnts hsA mamm that thigr eos la ia laa%iM miA 
d«ii^reg«iia«« and gi^^meoX |iioapiiat« «l«i)y4iPog«8aae aM tiiat t luf 
ax^ abX» t© attatidlia© gla8#«« aaft prdduet laot ie aajLd (Wa^ar 
Iji S^t I tM} ^ualsar asil Jioxi^Mii l»m$ loppaX and O^lat X9S4| 
Hijr©&i I9II@| Oas^ lMiXX ji l iJ^i 1956)* SoTtral o ^ e r r«porta also 
app«a7©d xvgBXdiag o ^ a r aisajTS a^ of gJiyool^aia aad istaxiasdlata 
anl for fOiHoeo p&ooj^to ahimti o i t r io aoid oyoXot for tha 
oalXiiIa]^ rasplratioft and for spXittiog «€ Atp aixl tranaamiaaaea 
(fakaiialii asd Kim^ii tat X9S6, iagaXliiti azid 3tafaiiliiit X95S) 
WaXXort X958| Martoml j | ^ t X9S9| Groaa* X959, WuraeX jgr| ^ i X9«X)» 
flia i^Xas of pXataXata im bXood ooaguXatlon suffarad gr<^t 
oos^roraraiaa In aarUdr t i a t a . Sifioa tha Xaat daoada tha eoafualoaa 
ara aattXad to aoaa axtant BM ^ a i r ij^orlaxioa haa ^aaa aata^XiaJ^ad 
oa a aurar )>aaiJi« fXataXato oontala a wlioXa aarlaa of aotlra 
aubatansaa pXajriag a roXa at diff 9ra2it a l taa with tha pXaaaa 
oXotting a^ataa* I t ia 98tat)Xi^dd -^at l a Tlvo tha l a l t l a t l o a 
of tha auilooal^ajrtio raaot ioa l a tha ooagiidatloa Biaohaalasi la 
lirought a ^ u t b^ tha pXataXata ladiraotly* i^XataXata ooataia 
aavaraX ei pXafuaatlo oof aotora as waXX a» Inhlhltora of ooaguXatloa* 
sua aajor roXa p^i^ W pXataXota l a hasioalaala and thromboala la 
of graat algnlfloaaoa* Hamoataala lirroXvaa w^lzily TaaouXar ra<* 
aotloaSi f IbriA formation or a pl^ataXat aiaohaalam azjd ia g^siaraX 
aXX thraa pli^aaa ara lairou^t al|»oiit. Aa a raauXt of lajtuey, tha 
foXIowlag phaaaa of haaoataala ara dlatlngulahad (H^iguaai X939} 
Within a faw aaoooda, tha pXataXata adhtra to tha rim of a fraahil^ 
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ou« ^X904 TM891, e th t r f Xa1i«l«t8 b^gia to aaiiaj** to t&t alknB&f 
attaoli«A plat«X«t8 ?«8ultiag ia a Xoos« ag^oi^tOf «lii8li iHiooiMa 
tixm waA foxiM a priwaxy pXitg to atop bXoadiag* 
fli» su^aquant growth of th« liaiaegtatio pl\ig ta ^ r o u ^ t 
about ^ aoBo obaaagaa takizig pXaoe l a pXataXata anA aaabXiag 
tiiaa t o atiok t o aaak other aM tiadorgo aiMih tranafoxisatloa 
(Britikli@i»f X^0« 2S64}, fh9 pXataXata uaiargo Tlaooua aotamorplioala 
whara t h ^ baooaa stinlQr aa& aggxagataa daralop. l a the oouraa 
thia j^aeaaaoot a aarisa of iior^ologloaX ohaa^aa t a ^ pXaea tha 
graauXaa i a pXataXtta eivu^ togathar (ilataat 1938) Xatar paau&opedla 
ara formid a£i& pXateXota bagia to apraaA oa aurfaoa aaii flaaX3y 
thigr dis ia tagrata CB«aaia ^ ^ t X033t foaio ^ a | i X942) £oppaXiX938) 
Slaoa ^ctaraaX f astosra Xika throahla eattaa tha vlaootxa aatamorisiioaia 
of pXatalata l a Titsro (^iioJcar j | a^t X959t ^uaohari X93da, 
Boiaaaataaiat X997, itaokart ^ ^ i X0€8, Srattat X9Sa), i t ia aaauaail 
tlaat pXataXat pXu#i ara foraad aXao Isy throahia at tha aita of 
TaaeuXfiF Imjtiry, 
Bi^arrlag to tha thraa i^aaaa of haiaaataaia raoaatly 
aaalloaad| tha t h l r t phaaa iaoXyiiaat ^%mW ^9 pXateXata fuaa 
togo'^ar &tA fora iiaiforat ^Kirplioma aiasa (Suokart X@47)« fha 
baaia for th ia prooasa^ ia tha ra t raot ioa aet lTi ty of tha pXataXata, 
I t was aXao aatabHsliad that oal^ lataot pXataXota iaduoa olot 
ra t rao t ioa an& ra^uira thrombia aad gXuooaa ^i oof e^tora l a a 
Imffarad i ^ lum (liuaohori X9S6a#h X< .^ &| |)* 
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&luoe«o 18 ooaiuBod ^ pXattloto and Horoaalag amouiiK* 
lastifl aom la prodiiood durlAg z-atraotioa (Maohart 3L93«b)« It 
Is an adtJbra Mtaliollo prooaas aixl «ltaultasi«ouaajr ^tP la aiyatiiaalaad 
aaft ooaatiJBod during tlia proeaaa (Batt«x*@ailaiiA aiiA l«i«obort ItSfi 
dorm 1933)« m a i so la t ion of aotoniroala Ulco protaia f roa platolata 
hgr Luso&or ami group was reported In 19S9 and 1961# fhla oatojpial 
ooatraeta ©a addition of A1?P (Grotto» 1962), Ylabia p la toUta 
\mA9V0i %hXa phaaosiaiion in an aotlTa g^yooljrtlo a^ fotom whora Afp 
la ItrrolTad* I t waa further otiaorrod % l«lir ami Walltr l a 1080 
tkat a1»iorsial3y atablo plat s lo ts of pat lonts with thron^asthoiilay 
leaemn tarn 01amBana»Iaageli hscro a daf ootlTa g3^oolytio a^otaau 
iasidoa t h i s , sarotooin (S-^ydroiortryptamlna) haa h99n found 
to ba of ifl!^ortaaoa in olot rotraot ion and t h r o u ^ raaooonat r io t ion 
i n homootasiSi aa ohown 1^ Ha^arbaolc ^ ^ i n 1957 aixl f ago in 
1994, 19^* Motatoolio atudioo on platolota by oonrontior^a mothoda 
aa ooffloonl^  aiq^lc^od with othor tisatioa haero bean Hal ted booauso 
larga aaounta of raapiring tisaua aro re(|uirod in auoh atudi«i 
and baoauaa long a^tiilibration timo la naeaoaazy fo r Gasomotrla 
anal^aiOf of tan oiaaing tha tranaiont affaot of ^arioua agaa^a 
on roapirationi fha atudlaa on &x^g»n ooaatu!^tlon i^ta of p la t t lo ta 
hm9 boon raportod by othara (Oi^ba l l j | ^ i 1996, 39ttax<->€^allafld 
and Luaohart 1960 aiid Ohaxiagr^i I960)* 
Siaoa tha oontiraotion of olot happoaa to ba a natural 
aaquonoa o£ o lot t ing proooas and ainoa tha aaohsoioohaiaioal 
raqulraiaaiifea of auoh oontraotion i s proridad by plats lota i t 
waa t hou^ t to reaorutlnlsa the problan of o^grgen oonauaptlon 
of platalortia aa li^lt;^aio9d by throabin. 
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111 ordar to 8«« «l9^«tli9r or not throiabln gdni^itod SJEI 
Tltro throui^ th« $firtlAl#^ioa of isola tot faotor IT al0o 
oxproiiBos i t s off oot oa tli^ o aota^Ilom of fXataldtSt sttslioa 
on tlio m^talco of oanargoa ligr ioolato4 platoXoto wa&er diff oront 
9xp9rimm.%ekl ooaflitiom wort undoxtakozi* fHo proaoixt; olia^tor 
dooorlttos tHo data OA tHat aopoot of tao 9tu«l^ « '^9 topioo 
eororod i iort ia aroi 
(1) offoot of aolu&Xii t^rmibin on pla ta lot 
rospixmtion 
( l i ) offoot of aoti3ratad soltabJUi ami iaaolublo 
pi^^iroaMn imdor difforont ooi^iltloao ^ 
aet i ra t io iu 
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^aadt Flatalata wata pfapsvaA ^ eellaating hmmxi Ii3ba&f 100»l«| 
in maiA 9iMimt^ 4«etxoaa* SM aalvdioa B| (1 pmxt Am ta 3 paria 
^Xoad) in f a w a l Wa«a (^ aifraX Q9%, USA), fha bXood waa -|faasfaifr«d 
to aillAaitlaad |ax« and oanftsfi^ Mo^ at ll^xg tor X5 alBixias a% 4^0* 
fha plalalat-rioh plaama waa r^matvd. wltii a 8ilio<misad pipatta 
aad raaaulr^lfugad at ISOOxg for 30 laiaxslaa at 4^0« fh9 auparaatasl 
vaa di8aax*dfd and tUm plataLot button rtauapaadod la platalat vaiat 
aoXutloii (PW3}y aonaistlAg of d paria triji buffar (pE ?«3S» ieiito 
ataraastii 0«a.M)t 8 pmr^ 401^ , aisd i part platalat-poor pXaaaia* £ka 
pXatalat-poor plaana wbleii waa uaad to pzapara thm platalat wa^ 
aoXutloa (FWa) waa praparad ]|y ooXlaotizig blood aa a1»0Tai eaatrlfiie* 
lag i t at IGOOg for 30 olmitao at 4^0, tramsfarrizig tha aupamata^^ 
pXaama and raoaslrifixfiog i t at lOOfOOOg for dO alniitaa at 4^0* fk9 
at;9aniataii6 pXaaoa waa titan aartf rnXHy rasioirad asd f roaan in a l i t^^* 
at •20%« IQiia prooad«tra waa aarriad ottt in ord^r to prarida tita 
pXatalata wilii a aiXiau of plaaaia protalna w&ioli wetiXd ba normal aid 
whiah wouH ba atabla froa axpari»aat to «^arii&ant| ragasdlaaa of 
tl:La plaaaa ai l iau of tHa donor from wiiom tba platalata wars iaolatod, 
Xn additioiif i t waa f aXt that tlia protaln in tlia waah aoXizfeloaa 
tandad to atabiXiaa ^ a pXataXata ao that thair raayapaneilon waa 
aaooapXiiliad aora aaai3ar &s& with Xaaa pXataXot oXumping. Aftar a 
aaoond waahing of tht platetXat button aa aljoira^ thay wara rnvm^B^wi. 
i a msi and adjuatod to giira a oonoen&ration of 1 niXXion pXataXata 
par eubio au&t VaA&v lOsia miarooaopat no whita bXood oaXXa eonlft bt 
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P U - A M P U r i E l l 
ZEltO VUPPRSaSOIt 
POUUUZmC CELL 
POLARIZING VOLT. 
CONTROL 
PAPER GUIDE 
FRICTION DRIVE 
PAPER SPEED KN4 
Water-jKtwtod c«U 
ANGOE TERMINAL 
'LrrUDE 
iwrrcHEt 
91g. ^^* SMB Q3EsrgraTiIi 
Fig,4«, liiAtffmm of tut *y»«pi»atiott-o«U* ia OigrgwiBii 
aaft ita ooimaotidsiB* 
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c not Builicimatly tight* cvznent with DaKhotinaky camant (madlum). J L <—-Stoppar 
to Anoda Sockat 
Saturatad Calomal Elactroda-^ 
Gum Rubbar Saal 
Saturatad KCl laval-
Saturatad KCl SoluUon 
( J^ Slda raaarvoir 
Graaaa atoppar aad atopcocka 
a and b with good grada atopcf>ck 
graaaa (not aUlcoaa). 
'V Stopcock "a" 
, Chuck 
- to AlUiator CUp 
,Platinum Cathod* (XUctroda) 
L^—Entrance Port to Call 
-WaUr-jackatad Call 
Watar Inlat 
- CaU (Elactroda vaaaal) 
Sintarad ZMac 
ELECTRODES and CEIX (EIXCTKODE VESSEL) ASSEMBLY 
aaA its oonnMtleiiB* 
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•99a oe^aiBiaatiBg tbis propaamtioa anft t^ors was approadsato^^ 
1 srytHrooarta p«r S4»000 platolsts, Xaa9ilat9a^ tofors ^ 9 
9a^93rla9iilt tiL9 platolots la F^!^ wors ooairifugsd aM f9mp9r&94. 
l a fuUis laodif lad Haift:*8 solulloa 1953 to got rid of plasaa ia 
liosauso tlis prssoaos of plasaa iatoxf srsd w i ^ -^9 tvmiMS* 
tioa was asasurod la t}i9 OMi Oaygxapki Hedol !C« ?ig« 4@ shows ^% 
9M oj^graph ^ i e h i s a miAvo platinum oatliods oxiastor for rtoofd-
iMg i«pM oliaBgos of oiygsa ooaooatratioa ia solution. It h»a aa 
•ttiiy^Ktiag oxsresa oatliodot whioh providss lii#i sta1»ility moA i» 
t s f t l l s ^ asasuriag a oliaago of 20BV^ of ^e^gsn witii a rsspoass 
t l w iff aosoosa roeortod oa a aorizig papor Hy a '*3arro" mamiB§mmiB^» 
It i^ rtsoalHi aa uax»ually hl0. d9gr99 of aoouraosri 9sp99ial|y im 
^MS« oasoa n^ars rsagsats aro add9d durlag 1^ 9 ruaf wiilsli iPMults 
ia «]iaag9S of ratas of roaotioa* T&m s«v«ral additions durlai tb* 
rua aro poasilila wi-^ eonoooitaj^ oliaagM of slops anl aaoii mm aiy 
iNi iadiridually asasurod and oaloula69d w i ^ a fairljr good d9<ss9 
«r mmmem$0 'Bam imiwmm^ mwm stantaiiiiNil Ir «ttti34liratii« ma 
solutioa ia mo 09II (l^ ig* 4$) witu a wiMmm «f oo^fsm meiL aitrogoa, 
39tw99n soro and 20^ oxygon tho rospoaso was siiowa to ^ liaoar* 
E(gipoas9 tills and asro oaqrusa Talus woro ostal^ lifldbiod using D-glussNia 
and glusoao oxidaso as roooanrandod %gr ths laansifastursr* 
fHo ooU was fillod witli aodifiod Haak*8 solutioa (1933), 
S,9ml, aontaiaiag gluooao 0»1^ or glyoorol 5^ » All solutioas wors 
oquiHtoatod to 29^3 for lOaia* An alif^uot of Hank*s soluteioa, 
0«3al« was r98Hrr9d fx^is th9 ooll and ia»9djAt9ly rspla i^od t^ t!i9 
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oaao Toluao of pXatolot aiaapoiwioBt OtJior additions woaro o&xviod 
om ia a 0i]sllaz> f attiloa* 
fliFoalilii warn purtf iod olupoaatograi^ioally aa dooorl^ed in 
•arlior olia$tfr« fiio produot had an aotlvity of 665118 imito 
por og protoijiw 3«rotoniii (oroatinlzio oulf ato ooapicc Iiydrat9« 
d«hydro3Esrtz7f1(a«iao) waa o^aiaod f roa ti^o OaUf oraia 0ori>oratioa 
for Slo<^«ailoaX Eosoaxoii* a^gA (from t&o oaiso soiiroo) Waa uaod aa 
a aolutioa of otiaylaaa-diaiiino-totrawaootlo aoid (totra aodium 
diJiydvato)* XaaoXuli3.a thzoaMn auapax^ioa waa addod, miion toatod, 
ia 0«li&X aliqLUota to tho platolota in QM ooXl and tlio affoot on 
tht Qog waa o%8tzTod« 
Prothroaliia oonfeaiaiag f aotera TIX^ IX, and X was prapared 
from ffiiaXalad ^oaf plaana aa doaorlbod in oarlior oh apt or, fh9 
proaooBO of f aotora TIX, XX, and X waa eoE^^atihio wltk th« ai^s ^ 
tho «3i^oria«!ita daaori^ad hara* 
A. throa^XaatlA aixtnro waa proparod Ijy al»«i^ «^».« #arta 
of anaaall Tipor Taaoa-oa^aXlnf f aatov Ty and oaXd|sia« for thia 
purpoaa oao riaX of raaoa (Stypron^^)^ Busvotigha Wollooaa Oo«» 9a3g«) 
waa diaaolTad i a IQ&ml of a 0t02S^ auaponaioa of orudo oophalia* 
fho purif iad faotor t waa dorirod froa oxaiatod boof plaaaa ligr a 
proooduro doaori1»ad oarilor* Bio preparation usod had no prothrombin 
or throahin aetiTlty and ropresenlod a purif ioat ion of iOO foXd whan 
(HEpraaaod par ag of px^tein. Whon insolubla prothrombin waa U3ed» 
the suapension was prainoubated for aotlT^tion with f eotor V, 
OTY-oei^aXin and oaloina at ST'^ O am deaoribed esu'Xiar and aliquota 
^ OcXaX Were added f roa aetirated auapsnsion to the 6ME oel l aa 
and imen retuired. 
205 
CMT - WCrilACriON 
LACTIC ACID niOOUCriON 
o = 
o: o 
o 30i 
too 
90 
1 
u 
70 ^ 
z 
UJ 
u 
Ul 
6 0 "• 
IS 30 45 so 
— • TIME INCUBATIOM (MINUTES ) 
#ig, 47* ifartotatliffi., i ^ . 
'rvtnr^M^^iTfm 
MuuBlits wiHi Taking ddAt«jRls df aid4«d 
aliroafttd£raph#d tus^ ml^ i&i 3«ta «««• pr^* 
?ttr«d la dt9lioa:t«8t oatt «•% a«S9Ba»A or oidt-^tflrits'lioa and ••ooii& sat for 
Xaetlo miA production* 
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f ig« 4? nUa 0^9« tOiaH m« pXatel9t»«ii8p9nal9a l»oIat«d 
)ir «ii9 n»tli9d AtMiilMd r« ta im «ha Qlot*x«tx»otlng pm^9r%tw 
9kiA iSsM rttraotiftii of olot ob3aw«d was a f unotlon «f p la te le t* 
nms^er preaenl* SHa s lo t re t rac t ion waa aeaaiarea mmwAim to 
tiia teolmit^ui ^ INiaantias (I995)» 
S^e grftj^ aMiflnra alao the produotloR of Xaoti« aeid by 
tlieat p la t e l e t s iMrlng the progreaa of Qlot*retraotl»a» -Lastlo 
aai4L prottioed f t i f l a a aoaeMiiiat l inear r a t e as t h i f i t rao t lon 
pregrea»e4« in* Iftetle aold «ae meaaured % tiie i ^ g i a t i a MtneA 
ttsijig ls0tiiB d^^rltogemae (i^ iJ^ H, fabat«) and di]^ii | i i | |^rl41]i*« 
imeleotiAe 01?^ I ^ ^ t ) aeoordiag to tlie teehaiqLiMi i f 4l&ai»l&i2ri 
j l l j ^ C19S9)9 
l a &i^S$M^mwsp%i&n waa obaerred if platvlMiftV were ositted 
fren any of tli« jiiiEtorea to lie deaorlibed* tlader t ^ t tl^eunataiieee 
of theee eacperliMi^ii Qm oaix eaaily neastsre ehangwe im tlaaolreA 
02 «f Sw mUm Him m 'mmp9mm%i»m 9£ %i f« 8 «e«««te» 
Pigtire 48 mhm» the p la te le t oxygen mptalse la the haelo 
^etem with added glsr^e^rol* Oasgrge]^  ooiiauisption h ^ hean followed 
ij^ to aa hour and prooeeda l a a l l aea r f aahloa* If throffihla, 
1 SIS ua l t , i» addedt the oxygem oonaiamptioa laoreaaea progreaalrely 
aa I l lus t ra ted ia figure 40« fhe aaxliauia ra ta of oa^gea ooa8\;uaptloa 
l a reaahed about %->lt mlautea after throiahla additloa aad ptralata 
for 49 aeooada to 1 miaute* Xt thcoi deore^^ea abrx^t3^ to oaiataia 
I ta prerloua r a t e or leaa for 2S«>30 seooxada followed by gTOs» 
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PLTS 
''^***i«**,i^4U, 
549 
cm. 
5min. 
lOOm^Moles O2 
fh« mi&p% of %}m USUI it mfmmtiy it^imH 
to tho mt« o(f Og mtiHjiatioii* 
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I Unit 
Thrombin 
100 myL6 Moles O2 
5 min 
I 1 
Clump 
!«4 f xoai detioci 
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cm 
4 
.2 ml 
100 m^ Activ 
5 min 
PLTS 
5.4 
cm 
H 
Activ 
PRTH 
noRVV-ceph 
I- H 
No Clump 
H 
5 min 
KX) myuMoles O j 
b 
5JS3 
cm 
100 m^ 
. Mole* 02 
t-
No Clump 
5 min 
a» •^frotiirdi^ia** ia f uia^ aotiirataa Just 
K Men^toal to &» ffixoapt t&at luaaolX* 
7 i f oxMronos d«pliaUii alxtiu?* la osittaa, 
t&aiwlifr protliroa^ia la not eoxirartad 
t o tllZOBlbl&« 
0, XAontloal to a* oxoapt ^Hat oaXelum ia 
OMlttad, tli«ra%y prothroa^ln la not 
ooar^rtaa to t^rosiblii« 
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PLATELET 
0 5 ml 
1—5 MINH 
» 4 
EOTA THROMBIN 
0.04M I UNIT 
100 m^ 
Moles Oc 
\00mfj. 
Mol««02 
Clumps 
f%g»5U mtmmt ^ WSk oa turenMa mm»UTmiiUm 
sKTH^^fSF 
a* Mditioa 9£ IMA prior to tkroabla 
abolii^«8 ao99l«ratl9zw 
b« Mdition 9£ £}fA aft«r mromhin. faiXs 
td 1»X»aic aoQ«}.oratioxi @f rdopiratiozi 
^ut ftlKiIlalita pXateXst oXiui^ liig until 
oaldiiiUi ia adSad« 
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0 lumping of the plat«l8t» and lataxf artnse wiisi the reoordiog. 
As a oheeK ozi the speaif ioity of the thzt»nbih offeot» a 
•yettn ooalaiaiag pTothroahla w ^ e t ^ i e d b^ozo and af ter i to 
aotlvatioa to thrombin* In f Igiire SO(abe) a idLxture ooxisietliig t 
of prothroahln uSiioh hae been aotivated bgr the thrsa^pXaetio 
aixture d Eussell Tlper veiioai-<oe|:^allny f aotor 7|, and oaloiua 
induoea the smaa marked aot i fa t ioa of p la te le t osi^geh oozieua^tioii 
as purified throabi}i» If oalelxuit or the Euesell Viper rmmm» 
Oephalin foixture are oiaitted, there ie oo aooeleratioh of o^i^gea 
OOMim^tloii* ?he ottiasion of f motor 7 deoreaeed Imt did not aboliito 
^le ^rombin offeet* 
Serotoaia i a a ooaoeatratioa of •OlM was without effeot ea 
the oseygea eoaoui^tloa of p la te le t s with or wi^out thrombla* 
If myJtkf 0*^M i s added prior to thrombia ^ d i t i o a i ao throiAia 
effeot la eeea (figure Sla) . fhU OlooJciag effeot of mtA ia m% 
overooao t^ addit ioaal throabia* Howereri if ^fA ia added after 
the throjdiiaf oiootljeated oi^^ia ooaaya^tioa a t i U oooufo eroa 
thou#i p la te le t olim^iag ia aot aeeSft fho a id i t i oa fif oaXolaa a t 
th ia poiat iaduoea olui^ia^ withoiil f lasther ohaage i a the oiygea 
oonsumptioa (figure 51b), 
^ e reaulta are suniBariaed in !fable 1.11* fh@re i s a lower 
ra te of 9g ooaauaptioa with added gluooee thaa with ga^'oerol 
(F 0,001)• With thrombin, there ie a eonaisteat and atr ikiag 
augaeolatioa spreragiag eleven fold* 
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FifttttXtttS fahl t XXX t Oa^gsn O0iuitiii^ti|& of FXfttttl 
(•OIISXM/BIIV^IO^ pXat«X#tii) 
A.XX waaiur^eols wer« in Haak* • 
•eXfUioa wil^ addtd i^ Xiasost 
(!# wtAoX) or glye«TOX (S# "fal/roX)» 
flifonbla mm &M9A a« d»s9x iM 
ia text 
39a&itioa 
§X^O0« 
aiyotsoX 
thx^filiia 
tfo, izp* 
9 
IB 
13 
iiftan 
14«S 
21*4 
E33.0 
S«B« 
4 , 8 
5*0 
M«4 
fht sff cQt of iJisoXubXo throttbia aat ae t i fa to t iaaoXabXo 
prothrosibia was tjUaiXiKr to thafi obtaiaad with tha »oXmbXo prodnota 
aaft tho f abXo XIZX wiXX glTo th« sumoazy of 4ata f roai aororaX 
trpiaaX iixpdriaomta* fha QOjg of pXataXata aran with th« iaaoXuhXa 
prodaata ahawa a aifalf ioaat riaa* fhmmhin has b«aa Imown to 
pro&aoa aarp&oXosia ohaagaa in pXataXata CSaaken i | , ^ j y y ^ ) f 
a u ^ aa Tiaaoaa iMtaatyphooiSf aX%uq>piag a»l apiauXo-^oiraatiaa 
whioh with tha saXaaae of ^ P hoXpa i a tha ooatfaatiaa of oXot 
(arot tat Jfi&Q* o l ta i Obrioat IMZ)^ SXidaa waza tharafosa pzapaxad 
hy aidiag ftvopa of pXataXot oaapaaoioa oa»to whioh wara added 
dTOpa of iaooXubXo tl:uR>abia or aetiTated iaaoXubXe prothsiMibiat 
fho alxtaroa wara o o r a r ^ up wi<^ oorar aXips wa^ iaaabatod at 
3 7 ^ for two aoA haXf hoars. 'B19 aXidaa wars th^aaftar Tiowod 
uzidor a Fhaaa-^oatrast mieroseopa* ^ a t both iasoXubXo thrombin 
213 
( 
Fig,32a, p la te le t rioh plaana arid ogntrol o?irtiola. 
iota p la te le t s hays seitled! out of focus 
and lack aDiculea, Shera ia no f ib r i a . 
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9igc52t>. P i a t t lo t r i ch plasiaa and inaplublo tSroabin 
par t io lea* Platel 'Sta haw© olumpea and f i b r i n 
has far'MQd. 
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I ' ig . 5^« x^lataXet-glohpl^aiaa ani aotivatod iaaolubla 
protiiro;.uQiri nmrt iOi Igai ciuxapa <iiia apicul-i^a 
are ©viaant. 
21« 
aa& promroa^ln <&i^  aff«ot th9 hotrntovof patt«riiB of pla te l«ta 
la iixli0at«& In fig* m* fis* ^^^ »^wa l^&t tti« l2k«tiU&ia« 
tlupoaliiii pxtidm«4 oltuqpixig of plat#Xats im auapoasiott aa l olaar 
«pi3uX«« f oraaA* i imilar pattorri wt. o1itaiii«& vhmn iim^Xvkhlm 
pro^roiibia was aotiratod with f aotor ? , tliromb(»pXa9ti&*9utetitut« 
aud oaXiioa ieaa (l?lg* 520) and mizad with p la ta l s t sti^poaaioa* 
Control p la ta la ta wi<^ iuiooi:^laS oopolyaar dM not ahov aag^  
oltaapping taaAaaoy BM lay aoattarad in tha tX&ld shown (Fig« 524)« 
fallXa XZZZi Iffaot of Inaolubla thromMn SLWA 
aotivatad prothroaliia on plmtaXat 
oxygan uptaka CQOg)t 
Qog waa maaaurad fegr axarfan alao'l* 
roda« figuras in paxcmlOiaaaa iaAi^ 
aatad rnamb^v <tf azpariaaata* 
Eaagajot a&da& 
Xaaolnbia tmreaiiin 
iBaaliibXa p»i'^»aa¥ia 
pz^aotlyataA «itli 
HSnr aapliall% Oa aziA 
faa tar T 
Oopolynnr 
^©2 
aiUolaada/aii^id^ p la ta la ta 
mmmiMmmm 
lafora addition Aftar addition 
22,a(9) 724(3} 
t8«0(2) 
20*i 
no(8) 
21*2 
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1)13011381011 
fho prea^afe method of asaauriiig osi^goa ooaaui^tion glTsa 
rosul ts «ltleh appsar algalf loafl*ly h i ^ a r tiiaa thos« piwiouaay 
rtpertod Tid« t&hlM XIV, Oaapboll (199d) roportod valuta of 
Sa>»l« Xlf 
i>ata ^y i^ifferanl Mathod 
4uthora 
aaa^^all j | j ^ tiarliurg 
S,a. OlioraBrfaK a^ a^ warliurg 
M« Bottttc-Oallantl Warburg 
&zA l«f, Luaolior 
Praaaat atuAy osi^  graph 
Og oonausaptioa g 
plateXot 
17 
8.4, 
21.38 
9 au mi^m/min/XQ^ plataXata (raXuea oonrarlad \fy ua from 
12,1 uiog/pXatArxlO*^) and Battaat-SaXlaad ard Luaoliar {X960) 
. t o t . t » d 8.4 « . H , 1 M M > V / 1 0 » p l , t . l . t . , (<,onr.rt«l from 
10*9 u £ o ^ r / 3 0 ^ pXataXata*) ttkB raauXta of Ohdmgrak (X9d0), 
X7 au l^Xaa/ala/IO^ pXataXata (oonrartad f xoa 704 vl/hv/foX 
AaaaaXy paaJEad pXataXata) az« m>T9 ooisparal»X« to our mn^ liowarari 
h la TaXuaa do oot parmlt any b ^ tiie orudaat ooa^arlaom baoaxMo 
of th9 graat^ar diffaraofe matiiod of axprasalug Va.9 raauXta* &XX 
of tl&a ab#ra atxiilaa utiXlsc^ gaaoiaatrlo taolmiqiuaa vrititi OMaaura* 
a«£Xb iatanraXa v a ^ i n g from 13 oinufeas to 1 hour. I t aaoms 
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uaLilieljr tiiat tiie disorepaaoy ean fee aoaomted for oa t&e fea«i« 
of p la te le t '*f atlgue** •iooe i n our system tiie p la te le t reepir&tioa 
appears to progress at leas t up to one hour without dimiautloa* 
We aoted ia our experioeats ttiat daaagiag me plateletsf as 
eridenaed ferf olua^iag, resulted ia muoa lower oa^gea ooasua^tioa. 
fherefore we liope th.at tlie present method wi l l prove useful as a 
seasi t ive aeasure of damge duriag p la te le t isolnt ioa. 
I^e stisoilatloa of o^^gea ooasus^tioa ^ thromfela was 
liapreaaive* laxXa f lading disagrees wita tlie report % Bettex>» 
Oallanl m& laiseher (1960) that thromfeia ii^ifeits respirat loa. 
Shis disagreemeat i s profeafely rssolved hoirever if oae ooasiderw 
that the throofeia added to the present system greatl^r shorteaed 
the p#riod dtnrlag whioh the p la te le t s f uaotioaed as isolated 
r«spir iag ua i t s . fhi2s aeasured as t o t a l oix^gm. ooasuispptioa ia 
a siors prolonged esperisiexxfe with a lower throotfela eoateat» th i s 
stay prove to represeni a deorease i a the t o t a l aiaount of oaqr^a 
oonsuAsd* «J3iat t a i s i s t ru l^ a throafeia sffeot* whether direet 
or mediated t h r o u ^ other plasiia ooastitt;^atSt seeiBS iaesoapafels 
iaa as suoh as a mixture ooa^aiaiag a l l the aeeesaary iagredienftt 
for ao t i r i t ^ Is iner t un t i l these ingredieots are reaoted to 
evolve throafeia* ^ a t the stimilatorsr ^ f « d t was not due to the 
seohaaioal dai^iag of the vlferatiag e loot rod ot fey f iferia stands 
produoed fe^ thromfeia* oould fee apparent froa the sigatfioanl 
stiMulatioa of Q02 sediated i ihrou^ imolufele throafeia and pro-* 
throafeia, lasolufela throafeia aal prothroafeia (OOPf aiad OOPFft) 
i a the eonoeatratioaa used did not olot 1^ f iferogea solufeioa i a 
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^0 a lS A^  ^^^^» I t Bagr b« watioaaa h%m that tiWimm^ ooataol 
l a tha f ina l d i lu t ion af tha aiJBpanAiag fluid in tha &Mi*<aall waa 
in tha saaga laaa than 0rBnf 0*3 aiarogfaiaaa par eoni* 
In peat^ilating paaaibl® atahaniam for th ia aat ia% ^ a 
axpariiaaata of Sratta (1963) axa pertiudnt* Ho sliowod tiiat upon 
ispaatsura to throa^in tha plataXata ral»aaa rapi&ljr a Tarioty of 
oonstituanta insiu&ing &-liydroi^txyptiui3ina| adanino nuolootidta, 
inor/ganio phoapiiata« ajxi f rao aidno aoioUit I t aoooa roaaoaalila 
tharoforo that tha xaspiratoaey 9m^m»&^ aubatratost ami oofaotora 
praaard in tha plataXot oitoohoislria m i ^ t hooo^i ouddanl^ arail» 
abla uadar the inf lutnoa of thrombin for tho induotion of tha 
rapid oa^fan eoaaani>tion ohsax^oA. 
BattaaH&aUaad and Imaohor (1960) harra shown that thara iM 
an inoraaaa in g3yoo3yaia and laotio aoid produotion whan platolota 
ara asqpooad to throsihin* Born (1931) haa ^own that adanosino 
triphoaphata (AfP) disi^paaro rapidly f roa platolota dyring tha 
s lo t t ing prooaaot a finding oonfiraad hy othara (aroaatl961| 
^uakart ISIfil)* fho aignif ioanoa and raprodtioibility from spaoiat 
to opaoiaa has ^990. %tMstion9d 1^ arotta (3^S2)» howaror* fhoot 
f indinga would ha oonaiatonit wim tho unooi^ling of oxldatira 
phoophoi^lationt a q,ma»tion f i r s t raiaad ^ iiaaah (19S1). Xf so, 
thia woald ha a naw and unique f uaotion 9£ a protaolytio 9mym9* 
^uokar (1961) has notod that thromhin i t se l f does not hydrolysa 
Afp« iiatOiari the available anridanoa indioates that the oontraotila 
protein of p la te le t s funoticms as an Afpaae* 
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f ortlisr stud^ &£ ths elusiplzig phass sf ttis prsssut sa^srl** 
asiils wouM also lis ussf oX, His prsssat study ladioatss -^at -^s 
0lushing i s aot asotsaarilsr assooiatsd wltti ths tiiXQa i^a stlsulsh* 
tlon of os^gsa OQn8a]i^ tloii» but rsqulrss ealoioa to oootxr* fhis 
i s an isdirsot eonf in^tlon of ths thsor? of ^ s t t s QUSt Xoo*a^ 4, 
that thrombin Induoss prof oimd ohaogss in tlis platslsts n^leh 
allow subssqaent psnstratioa of oalolxia ions inio t&s platslst* 
mass ions, appsariag intraosllmla?}^, tnitiats oontraetion and 
sutisstusntly agglutiaation of tiis platslsts* Qth^r autOxors hm$ 
dssorilisd pXatslst olna^ing s^tsBis in wkioli ths olua^ing is 
induBsd by adsaosl^s diphosphats (ADF )« Howsrsr, as yst no ons 
has suas«i«tttlljr dsmonstratsd an inersass in AJ)P during ^ s 
0 lotting of plats lot* rioh plasiaa (Borai XMZ), 
22 i 
QOmmBlQMB 
fhe sesplrat lea of blood p la te le t s saa be rapidl;^ wnA 
donrealeatly ataaiared ^ the use of the oxrgsa oa^ode* Uslag 
t h i s teshalqtiMt ^^ osygea ooasumptioa rate of 14,3 sa iKiles/lO® 
p la te le t s per aiaute for p la te le ts l a glaaose and 21*4rau]aoles/l9^ 
p la te le t s per ajiaute for p la te le t s l a glyoerol was showa* Mdltloa 
of throabia to t h i s system resulted i& aa laraediate elereofoM 
iaorease l a osqrgea ooasui&ptioa ra te with subsequsat olutaplag of 
the plate le ts* B&M9^ <m oorrelated fiadlags from the l i terature^ 
i t seeas sost lUceJ^ that the 3E a^soa for t h i s la a ohaage la the 
peraeaMlity of the p la t^ l s t with aiddea scrailablllty of al to* 
ohoadrlal respiratory systems. 
Z2'> 
*» "• V 
f}io data doi^ri^d in -^ i« aattor of tlio thosio will mm 
tlio iadopoBdoBi atatua of f aotor T ^otli in tonaa of i ts s^liatioaa 
in a pathoXogia px^ooaa and in tita oontoxl of ita soloonlayr aiiii%» 
litra? daaaip doss oxpraos itsalf witu, a d«ira»«9iB9iat of faster T 
loYol la blood aad tliat trond is iadapoadtnt of t&o prothroa)»ia 
Xarol* Mta in ^ i a raspaot wiXl aliow tbat hapatio oalli hwr9 
diaeroto pro^ranMS 9i ayn^oaaa of thaaa two faotora &fA oaa tan 
00 wsong vitlnoiit aff aotiog et&«if« £ha ayatiioaia of f aotor T dooa 
not •••m to dapazA on tha ri.tem$M K wliiXt protli:roal>in appaj^ aft^ iy 
do«a« In au)»aaqiaant anaptozn tlie data ps^aanlad olaarXy daamat^ 
rata tba diiorata noloouXar onlity of f aotor ?• itoldOuXo of 'Qua 
faotor pitrifiad to tiia axtaat of 300 tlnoa oror tha plaaaa la fairlr 
big« witb a aadiBanbatiozWi>oo9ff ioiant arooad XZ-B asd a waii^t 
a))oat 18t«000# Bia iaolatod faator aaaas hoaoi^iptta in all vXtTm* 
oan(riftt0t patt«R» and tba aoti^a aolooisla aoaao to mora In an 
alaatrioal f iaM witli a aoMJJLty oo«pia<abXa to loooa of plaaaa 
oo%08ant8« fha pattavna of oloetr^pliaTatio aobiXitioa in tlia 
f raow o^aadyy aothod lusd on agar-i^l aa alao in ioEBimo^ l^ootx'a* 
p&oroala did i^ov aom dagraa of iiiioBMgaaaity in tha praparatien 
with a aajor eoiqpon«»t in tha g^loons ^ t a faw ainor haiida* 
3iaoa tha f raotioso oould not 1»a aatia&tod for thair MoJLoglaal 
aatiYity asd tha aaaa praparationa on thair mLtrft-ooixIrIf uga 
pattaraa ahowad aingla banptOt i t la foxy XUcaly tti&t tha alnor 
baada oould Ha dagradation produot of tho major oon^onoatf liica 
disor^ iMinoJBar diaaooiation aa poaaihly obaorrod with 39asaWoiiao*a 
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prottiiia (putaaffl j l j ^ t X065). f@v&9mX Qhmrt&tij^n, i s th&t 
fas te r V do99 not oootala oarlt^aydrate or speoifioalXsr siaXio 
aaid, (X9Mt X9d9) mXXk9 £ltatXmg9n iBXoabaolci X95@), 
laoXated f aotox* V l a t t r a o t s wltli purif l9d tiiroabin asA 
I t 9ftaa»» a OAaXX portion of tim taoXeouX© ^oaics off without wtoh 
oliasigo la i t s laoXoouXar 8ijso« Deaslty-gradlaat amX^sli aod tho 
loQF-oxsiiaiigo ohroi^togi^pby oouXd dotoot -^lo minor aXtoratlon 
In tho BK»XoouXar siso aa a i*e9\tXt of thromltlo-aotlvatioii. That 
aoBo SOA soXubXa nitrogenous f r a ^ o a t a appoar In tha auporaatoa 
of the ^roabli>-41ge9t sasraa to oonf I r a t^e breaking up of the 
f aotor 7 bjf ^romhln* Atteiipts were aate to delineate 13ie peptlA** 
patterns of the aoXeouXe f u r ^ e r using t«ro dloienalonaX eXeOtrcK 
phoreala oua ohrooiitogxuihy aooording t o the teohnlque of Putwa 
%% j ^ i (X96S) t hut ao oXeazMSut plotura waa ohtalaed* Urayaaa j | | a^ 
(X964) reported tiiat f aotor Y ooa&alas arglnlae and Xyalne. Vi^lolty 
of proline to arglalaa or lysin^ia the peptide aegLuanoe oouM la* 
tsrfere with the tryptle digestion (Moore aod atalnt X9M)f whether 
or not the reason for the negative data waa dt» to th la peouXlarltgr 
In l&e se^iuenoe of the amlnoaolds l a the f aotor Y saoXeouXe resis t ing 
txyptls aotlon oouXd not he eXuol&atad and as auoh thtee data were 
not InoXuded ia the hod r^ of the t he s i s . 
So f a r as the funotloaaX properties of "purified" faotor ? 
are oonserned^ i t oouXd he olted that the data in the tl!U»als s^ ow 
thatt 
(1) f aotor Y oouXd he aotlrated hy thromhin to 
a slgnifloaat aeoentuatlon of I t a Innate 
hase-Xlae strength. 
«4 
fttOtoY V iias ao iff tot on ptiari£i«i 
throiB^iJS* 
pturif i«t frot&voii^ia la tli« fr«««is« odT 
tottf and «akliliui ioas and fii« aot^»» 
t iea fF94«t»t 1A «&1« ««U--4«f !&•& ty«t«B 
••«Mi to liflcr* al l MologioaX pV9p%rttm 
th9 prod^t ao»r«xt« f l^rlnofta to 
f Iter la ws&omvem whloh pol^a9ri0« to 
fllHPla 9 lot 
th« fm^vi&t doot stiaiaXato tbo oaqrgoa * 
t^taxo of platoXsta as doaa % throsbiii 
tlia produot Ilka throailiibi l^dvoSyaaa 
artlflolal oatar 
from -^a a^eva flxidlii#i au^staatlatad by data altad la 
tha taxt of tlia thwilat i t oaa bo eoiulxidad tiiat f aator f la aa 
ladopaodaal »olaoular o i^litsr la tlia olottlng prooaaa and It 
partiAl^atas aa aa aooolarator la tiia aetlratloa of pvothrombla 
by tiizoa^oplastla aatorlaX aad oalolua* fliroaibla g«Mratad 
lataraota with f aator T and stiasilatoa tha aotlTlty of f aator T 
aararaX f oMa, Sliat faotor V ia pttyaloal^^ bouad by tha laaoXabla 
MO-tliraa(bla and O0f«>t&roabla pforaa aoaa lalanBoXoaiOjar laro3^a« 
maat batwaaa thaaa two aoltoulaa la thia lataraotloa* fha obaarrod 
8tla»latloa of faotor f bgr aolublo throidiia waa aboat 9*10 tlaoa 
bat with B4a«»tlixoBbla It waa aoarly 160 tla«i« ^at aouM h* tha 
raaaoa for au9b a dlaeropaaoj aaa hard3|r ba dlaouaoodi but Ilka3y 
pooalbllltloa a l ^ t ba off arodi aoXubXa throalbla baring baaa Tazsr 
rapid la it a aatlTatlng fumtloa tba optlasam phaaa of aotiratloa 
oould hSBT^ baaa oarJLior thaa avoa f Ira aoaoada and boiiia waa al«iad 
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for MtlBaftio&t «h« IMw i^«« was dttooted im«r9 tk9 p«ak of 
St Sadist ion paoood off asA "tb* aottfmtod aoloonilo umloyvoal 
apostaxitouo dooari w||#z<oasy MO t^iiroaitbla haeri^ VOOA slow in ito 
aotio% aba otioulatioa ooalA I19 ooaf oilfa^l^ dotootod at it* 
optinua plia«o» BAa»-|^ og^la ^ iag hoolsod to a oaxvior mii^t not 
)»« scraiXaliXo M f vooJar aM vapldXar a« tbo oolu^Xo t^roaHiSf tionso 
tiie aetiTatioa p&Laso ooaid l>o dotootod at i t s optiniffit poaJCt aratlior 
thBD, at ita lata i^iaaa. Th9 prooaaa of tlizxis^ia^aotlRratioA of 
f aotor V, mhXQh itao3f i s ianroXvod in tlia gaaaration of '^iroa^ia 
f roa prothxtiaHiiii aaasis to intrc^uoa a positlTo^9od-»Mek s t ^ 
in tlio aaquaaaa of tlio oeagtaationHprooaaa and aay off or aoiat 
ooaorata arM«ioa aa to tha axaot laatura of autooata3yaia aad 
its ooatroX in oXottiag* 
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hoxadiaotftiriao bromldo, J, Olln l a r a t t . ^ » 308. 
Brink, A»J,, KlngsXiijr, 0*3. (X93a), *famlXiaX disordor of blood 
ooaguXatioA duo to dofloloaoy of XabiXo faotor*. Quart. J« 
Med. ^ $ X9. 
MrXakixou9f i£.«M« U939). *£itudy of oXottXng dofoot l a hoiaopiilXitts 
doXayod f oraatioa of tiurombia', Aaor. J, Mod. 3oi. . ^ i S09# 
Brinkhousy K.M. (X9d4)« * Hhrombooyto aggXutifiatlng faetor and 
adoiuiaine d l i ^ o i ^ a t o . 1 Cong, of tho Ixstorxu ooo, of 
haowit. StookSsoXa* 
Ir i t ton» a. J . a39d Eoborta, E,B, (X9S0}. *Hlgb*-rosoXutlon doaaity 
gradioixfe aodlataatatloa anal^al«« 3oioaeo X5Xt 3S. 
Buohaaa% 4. (X943}, *0a tbo ooaguXallon (^ bXood, and other 
fll8?lnlf«roua Xlquida, lioadoa Mod. &aa. a.8* ^t 6X7. 
(Quotod by J)ougXa0t X963)t 
Caa^bolXt S., SmalX, t , ^ , a»d i^asoidiolc, «• (1956). 'MotaboXio 
aotiTlty of hwrnn bXood pXateXota*. J« Lab. OXia. Mad. ^ t 
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Oaa|>^«ai» i*^«t 3ttall» i««r,, liopiXatOt S. aafl Dam9Sh«lc, W« (I9S7)* 
*Q}490lyti» iiit«rmtdlat«s of liuiaaa f la tvle ta t tk»lr aapara-
t l e n aad li&«xztiXi0atlo2i*. froo« aoe, asp, BloX« ir*I* ^ t 3^3 
OastaMi, i^K, ilskXn^ B,a«, BXaolcwaJLl, v^M* and OXifford, K«L, (X9S2) 
Aa aXodtron mioroaooplo at\id^ of tha aJuangea l a pXataXata 
dtirlag Tisaoua raetaisorphoala. BXood J^t 566« 
Oartart J,E# and «ara t r , S,2)» (X980), •Quaatitatlva astims^loa of 
pXaaaa aooaXarator gXobuXiaS Froo* aoa. as^* bloX, and 
Mad. 7^1 823, 
Oatoa^ #«J« (X962)« Ptx^onaX Oomiauiiioatioii* 
Oabra, J*J«y SlToXt B«, SiXsian, II.X. ai^ Kat<&aXilci» i . (X95X). *A 
two«ata#9 oXaaraga of Habbit Cr-gXobuXln by a WataxwinsoXubXa 
papain praparatioa f oXXowad ^ Oyataln, J . BioX. Oh to. 83^i 
X7S0. 
OaJCiida, ^.B. (XdSd)* *fAe praparatlan aad proportlaa of protJiroiOkia*. 
Aaar« ^. l>liy8ioX. J | i ^X^. 
Ohaiabara, I* aad ^walfaah, B«i. (X9a7). XntaroaXXxafgr oam«at and 
oaplXXasy ptraaabiXlty, fbyaioX, Eanr. ^ t 436, 
Ohattttrjaa, J«t 3bahy i«3«t Huaaaixit Qastaz' f^afar and aiiaudhuri, 3«ir, 
(X959), «r. MauXaaa Azad lodioaX OoXXaga ^t 45. 
Cteaadhuri, 3 . 1 . , Slai 3uter, mxahf ir.3, and Mfortiii, 3.P. (X963)» 
'MataboXiaa in iafaationt atudy on the ansyiaatla daiaaga la 
IcMaay of guinaa pig iaf aatad with ayoobaotarium <• 
tubarouXoais. #« axptX. Mad« X17t 7X« 
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Qk^mg^Bkf H^B., 3tr«xit9i%«keQr% M«B, aiid ^usoinov, Oh, 3. (I960). 
*liuirssr att&l>oll8m of placloXots*, (tranalatod froa Eusslaa) 
Bittl. Sk»p. Biol. Med. 4fi 251^263, 
Oohn, S.J., Strong, I»«i.t Hu^^es, w.L,, Mulford, D.J . , Aahworth, JfS. 
Malio, M, ami Say lor , H.ii. (1946). ' f roparatlon B^IA propovlio* 
of sorua ajad plasma protoia aod Upoprotoin ooaaponaato of 
biologloal tisoiaas aM f Imlds. J . Aaar. Ulioiii. iJoo. j ^ i 439. 
Qollias, i« (1085). ayatom of anatoiqy. Vol. 1, pp. 42, Vol. I I , 
pp. 747, 7S€, f o l . liozi&oti (Quotod 1^ Soogars} 1962). 
OeiMlyf 0.1% (1961). *Flat9l9ta in olot rotraotion' Im B3^od 
pla t»l«t8 . od. Johnson, S.A. ^ j ^ ^ . Boston, Ll t t lo , Brown 
t Oo», pp. 437<»444. 
Cowling, B.O. (1936). *Ooagulation d«t«ot0 in l i ve r dlaoaao*. 
J . OUn* Path J i 347-350. 
Oox, F.M., l«»3hantin, &•?« and Ware, A.a. (1956). 'OhrosatographiA 
piurif lAation of human aenia Aooelorator aiobulin. J . Olin. 
Xnrtst, ^ t 106 
Daeie, J»V, (1986). i^gaotj|>oal IefflatQ]^ Of.y. C^urohill, iioadon. 
Danoe, ! • and Hu^ms, ^.ii. (196ig). *p-*!i!o«yl«l«ajrglnin» methyl ester 
as suhstratoi Bioohwo. £• §^t 40 p. 41 p . 
Danrle, i . ^ . and Eatnoff, O.D, (1964). 'Waterfall sequelae for 
In t r lns io hlood olott ing*. Soienoe 1451 1310. 
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DaalBy p«$« (1399)* Maaolra awr la aang* 2mfiM^ J*l» BaiUiaara &w& 
fila* (QU0tad 1^  i^ ouglaat 1963) • 
1)9 Vrlaa, A«| Alaxajsiory B« aa4 gaMatala, a* (1949)* U f aator 
in aarum aiiieii aooelarataa tiio aoasrai^loa of p^ithrombia 
to -febroBiViat Xta detax i^iiajSlloa and aoma pbyaiologlo and 
^looliamioal frop^rtiaa^ Blood ;|^ i 24?* 
Da Yrlaa, A,, Matothy I . and ^amir, 2* (19S1)* 'Familial eongoaltal 
labila f aator daf ioi^cioy with ayadaatyliaa* • 4ota Haaiiat* 
If 129« 
3ixoxkt M* aad Wo^ b, n^O* (19d8)« SnayiBea pp. ISOi (modifiAatlon of 
liiiMwaarar-Burk aquation for Mioiiaalia Oonatai26«) 
Boaaldy KQ*9 Hiuatar, E«B*, fhudhopa, &*E«t Walksr, W* aiid 
iliittoiiy !• (1934). *Protliroabiii aud haaiaorzbaga** Brit* M«J« 
ft 9Sl-63« 
JJomall/y £,H,» lAakovatci, M. Jv»^ Motloyt I* aad aoHoragay H,A, (195Si 
Bqmilibaria la tha f itoiziogaii^ibria ooxararaiom XI Rw^wtie* 
^ili% of tha polymoz^satioa atapa« Aroiu Biooham*, 
Biopliyaiaa j | | i 369* 
Bottglaoi A, 3* (1962), Aatiaoagolaat thavai^. Blaolcwall aoiantifia 
pii1»lioatioiia« Oxford, pp«a«59« 
Boaglaa, A. 3, asd Mairt K* (1958) • *fho oliriatfl^a f aator daf iaiwaoy 
in Qouaaria ^arap r^* • Clia* 3oi* ^ i 445, 
Douglaa* A«3. (1955)» *!£h9 ooagulsdion dafaot oaiisad ^ troaaacaa 
t&arapyS Qlia» 3oi« J^t 601* 
23f, 
BouglaOf A«B« (19^b) , AixtJUioaopbilio globulin oonauoKptiea Atapiag 
blood ooagiala;lloii« Blood 21* ^^^* 
Bouglao* A»S« (X9&9a)» *?aetor ¥ oonsua^t^om during blood ooagula* 
t i o n S Brit , J, Haooat, ^i 153, 
£rilcoaeui| i^ «B, (19I5K * i^stiaatioa oi oiioXootoroX, uolag ferr io 
oliXoriAo roagoiill Ajiier, J« Clin, Fatii* ^ i 135, 
DrakOy B, (1953}« Th9Qvy ot gradiont olut ion mm,l^mi»t, ArkiT, 
Xomi §1 X« 
Bwkart , f. (1964)» 'Si« f ib r l a o tabi l i s lag faotor (f3f)», 
oyiBpeoiA X OoQg, of tko l»ll« 900, of Saosat* Stookhola 
?oX, 2* ®®» 
Buok«rt, I**! fluskigeiit P* and %j&lX%Tf f, (1954), *li9 rolo du 
faotor % dazxa la forai^tlon do la throraboplaotino* • 
Sang, Hif7, HoBiat* Jf 4@9« 
X»^lcort, f** fXuokigoa, f*, l a t t o r , M, and loXlar, f» (1935)• 
'axot t iag faotor Xt p^oioXogio agd j^oloo««oliOBiieaX 
profort ios '* proo, soo« «%• bioX aad Mod, 3 , 1 , J^t X7, 
Duokortf f . t i^luQkigor, #• Mattor^ M» and KolX«r» ?» (1935), 
* Clotting faotor Xt Pb^aiologio aad fliyaioo->ok«mioal 
proportioo*, Proo, 3oo, aE|>, Biol, % Mod, ^ i 17, 
BSironborgt A, (1957), *Bet9xiiiination of aoXooular w a i s t s and 
Biff uaion eooff ioisata i n - ^ o uXtraoanti^ugoS Aota Ohaa, 
Soand ^ 1 12S7« 
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a ^ t r a g a , H«A» (1993)« Iqu l l ib r l a i n - ^ 9 fibriaogva^fl^ria 
oonrarsiom If* leia«tla8 of th« oomrarslon of fibrlaogaa 
to f i^zln aonom^t J* Amar, Ohwiu ioo« |[0t 4SS9« 
Ehra]iprl98f 3* s«^ d Soheraga^ H*A« (1957)« *0b89rratlomi oa tha 
axial^8l8 f03? thromlilii and tho laaotlTatloa of f ib r in 
adnonar*. ^« Biol* Oh^, |g7i 1043« 
air9%r8i8t 3 . a2]d ^oiioiraga, H«A« (19S9)* *Klneti08 of tho ooa-
Toraloa of f lixlaogon to f ibX'ia noaomar at loutxvkX pH* 
ArsH* Biooiiwai* Bioplxys*, 2gi 27, 
ioziouf, M»F«» Joblni f, and ?8d«% J«0« (1963). fha Isola t ioa of 
f a o t o r ? froa bovina pl^iaa^ Bloohom, *r, ^ 1 44p, 
isaouf, IS»?*» aol WilXiaiiO, W«J« (1968)« ' m e i so la t ioa aod 
purtfioation of borina plasiaa pz^tala whloh i s a oulistratt 
for th.9 eea^ulatioa fraotion of 17?«* Bio^«m« «^ ^ t 63* 
Fahoyt S^W^ WarOf A,&, and Sdogars, W,a. (1948)• *3tal»lllt7 of 
protliroBbla aad Ao«gloliulla l a storsd huimn plaaoa aa 
iaf lu«a»od ^ ooadltioas of s teragt . Aiaar. *^ Physiol* 
l&4i 122, 
f an t l , P« (19@7), i^araliomophilla (proaooolevia def ioioaoy) t 
aoou2T«ao8 asid bioonaoiatz^i la i HOfflopiiilia and Haaop^iloiA 
J>ls«aa«8 pp, S63t 79u.92« Oiapol Hll l t Jl«0, 
f a a t l , P* and Haa3«| M, (1946)* Moalarat ioa of ^zomMa foraatioa 
^ a plaaoa aon^onaat* latiiro lS8t 709t 
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VaatX, t , aid Haas*, ai,&. (XM3). 'lotlttwso* of • tsntg* 9ft 9&— 
ii«d* aoi* H t ^ 7 * 
faztllt f, a»l Haafi«» 1*1, (X94S), *Th9 pti^ioXogieaX aettrat ioi i 
of pr0fhx^a1li»% Mad, J* Aias* J t 1BS« 
faaUX, P« aaft 3aar«r8| H*^ » (X9M)* *B«ta pVdt&aToabofXmstln 
daJtlsiAmy emmtm ^ h,9Wiri^&^ t9n&9mY pestmlXing 
li<p^l^iXia« ltd* ^« Auat* ^1 9gS« 
f«XXt 0. jraiiaftoa, J,f# aa* 3««g«rs, #•«• (XiM), • :-lff-9«t» ot 3tit« 
f iXIxm-lieii of pXaama tarase protoias ooiio«rad4 w i ^ bXooA 
ooagiiXatlon* • Am&r* J« ai l i i , f a t ^ J f t XS3, 
ifoniolxdlt E«i4*i aad Boao» i^ * Ud@^)« A^ iur ts t igat io i i of tii* 
P7ii|»«ir«i«8 of j|d«gioliiLLia f rtpaarad 1^ a law XsoXatioa 
finkbiiiary E«B«| Mo i@rtrn«r*J*» ioXdsttla I* muSL 3aideer^ J,P« (Xi9t)« 
ao£ipiXa.tloii dofteto l a Wf&v diasaso ai»l roapoast to 
•Irwwf uoloa during avapg9W* Aaar, ^» Med, ^ t Xt9« 
f loMlo/ i ^ <^^ ^iidlii, i« {X95Z}* *B%m9% pli^^iXot oou^iSigS 
fl««i«r, Xttf*! ?le«9r» M« (X9$X)« Mva^od o r^u lo eHosilfltigr 
HttlsHoXd pubXtiHtag Oorp», I«w YoyiE. p# 7S^@* 
f l ^ m , ^«S« and Oooiif E*w. (X9$3)* 'I 'urif los t ioa aad isoXstioa of 
oortAiii jAtoxwodiatos foxsiod prior to tbo aotira^tloa of 
23^ 
fea io , K and 3cax««iiA«a«r^  J« (l@4a)* QI0 l2i7oiitbosyt«ii dM 
fi-as&i i » | miiazi, M» and ikiram, H« (1990) • *J>le pareOivaopiilXit 
(C^rtti^ 9ia« ii9t%e form dgr iigsorzlaigivoktiL Bla^aat* 
ilota Heatat* £1 70* 
frioki P»&» aM Hagtii, F , J . (1956)« ilrrtr® ooagulatioa def «ct 
wimout ha«Bmx¥liagi8 sys& t^oaa oamaot % a defloi«i»7 of 
1ih9 31^ pla02» tJTiz^mboplastiizi praetiraox'* J, i«b« OXi»« 
frlaky P*@»# Hagsa, i*»«7«« Margolis^ J,» Eat»«»ff» O.B. Jija, aadl 
aoMatoiOi a« (I902)« ' fh t aoiseaislatmro of bloot oXottiag 
faotozv* (^uot«4 Isfy X.a* i r i ^ t ) « fJiromb* dlatli* Eaoaoxr, 
I t 38«» 
f ui4L* i£» (190B), U^tr das ^eitgeaotd doa f i ^ i o f oratnloa* iidltr* «» 
e^^at* plaiyaiol, i»» patlw I t 3M* (miotad ^ aiavijadi Xd43)* 
fuMf i« and ipSvOf H« (X904)« 'Bmip eiafXusa t ia igor gozlmuiigtt-
h9!Ba»z)&«r agajodiaa auf daa Tog^lpXaana* * Beitr, 2« oli«»« 
phyaiol* ti« patH* g* 171* (iiuotod Iby Slarind Ji 1948), 
Gftlottot ^« par ^lodla m& ^ehm. ZiXlmA^P (196S)* fraotlonatioa 
of huMfm plasma protoiHQ by &«! f i l t r a t i o n and ^ono 
l lootTo^orosia or Ioi»-Bxiiliaiig« Ohroaatog3rapli^« J« (%voaat* 
1 * 2 > ^ , 
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dlttrlxul, ^» (1943}» q^ t^ t l i^ i ^ orugtaotam blood. 
QtXu«okf E«I, and aHQxr^t 3« (I9@4). *A8aay ^ flasma pretiiroaMa 
vtlth a sya^®ti9 8ul>9tratot i t s ooi^iparison witli^  standaJ!d 
m9^&^» f^ pvQtiufomhXn. assay, J» %im% QXlSm M«t* i^t 801* 
Goai«r, i«@« (1965)« * ^ o s i t a af 8\ilfoaa»i4a aaa^la t iaa* • 
^•4» Pr©a» l i i 300, 
@ra2iaai, tT.l* (1960)« Stuart a ld t t l ag dafa^t nad atuart f aetor, 
fluraial), dlatli , liaam, aupp« ad, j ^ i SS, 
&r^aai» ^•3«y Odlliaai l>,4. ^ r . , §adwliip i«B« a ^ Brliiliiona, 
iL«iS, (1981), *4iitiliaa»|&ill# f ai9tor» lavdla l a oaaina and 
Hamaa plaan^a, aod follQWiag liirar Xn^wty and dioumarol** 
fad, Froo, 12^ 1 3S§, 
Srahaa, J*l«« ?aiii!3)Ct §#i)« and BxljaJiiiomi E«M* (1951), * Uti l isat loa 
of tlia antiiiaaapiiilio f aa tar during alot t l i ig of oaaiaa 1»lQQd 
aad plaaaa, Am^r* ^« fh ia ta l , j ^ t 710, 
Srat tat K, (1968), *itudiaa an tHa mnaiumimm of thrombin aatal^sad 
haaaatatio xvaatioa In %laad platalata*, Aata Physiol, 
£jaaiid, s|i aufpl, xm, 
Gwsa, a. (1961), Im Blo<yl f l a t a l a t i , aditad %y s,4, Jt^aaoa, 
a,w* Hoato, «r,W, E«l»u9k aad E,0. Earn, J r , aaatoat i d t t l a , 
Brown, p, 40?, 
Groaa, ^ (1961), MstalKillo aapoata 9£ aammX aad pattiologlaal 
plata la ta t Xiit :y.Qod Pl^t#lata , Baataa, i«ittla» Irowa 
and Oo, pp* 40'!'«42^1, 
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Srossi, 0 , I» , liorauo 4,Elt &tA lleiiaaalot, ^.M. (198X)* 3tv4i«» da 
«po&tA3wous f ibinaoXr^ijs aatlTltiy l a f&tiamta with dirx^dnis 
df tli« l iT«r mni i t« l idiiMtioa ^ «|>sllo»i^!iliio-««ap£«aio 
aolii* Aim, 3«rg J ^ i 383» 
Mvmmae^tmn^ 0» (1S7S-7?), * Stir l ^ r * yon der ta0«rfltQffg«iTiiiituiif*« 
£f lug. Ardh* g#fl« pliytiol* jyii gU« (Quoted hf Mlg&tt ^ X962), 
(C|u;0t9& liy QlmtsAf J« 1943). 
(att9t«4 l|y QlmiMt J , X94d)* 
Hawty, «. ( l a s i ) . * i t ,fi?wrft1I.OTi.„ y i l f f l ^ W * PP* 3J^«0 , 4 to , 
liOiiilt (ai]0t«d ^ d9«g«ip«t '^•^•' 3.963)* 
H«r9rba«ils« 3»J«« Bixt®li#r« f«f*t %ox««t f«A«, fomioht i«®«» 
f«rryt l*«I<* aaA BrodiCf 1*B« (1957), a«sot9aiii «fiiai}|;98 in. 
p3jtt93jit« sod 1b]mla laAiaottd 1i^  soalX daU^ dosta ^ 
V9»«rp%nm* nm Bagl, «r, l^ iA, | g | t 343, 
Hovkt ?«f Oaair, B, and Soaaarso^ «y« (1994)« * *iia|>ii'lh9l r9a0tldm 
tar 9aP¥<&ydrat9'• w* ^^$ g&yaJ&XoiiiiiaX Ofeaiiii^^ 13«i 9d,, 
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l a %li>9d proAQQ^lerin Cf»o%or ?) i a vmt«s wltli, liic6«s'tlaftl 
s t raagalat loa ]i«niia* 
li«Mrso% w, (1771)« *ka. t^pariiBiii-lal iaq^ulFir into th9 prot«rt(l«« 
df m e blood* aadoUp lio^on* «4« M, falooaaaria 1777, 
HiroUt S*^#» Q&e^mTf f«H« and flioiiia0t l*i>« (WBB), Isolat ion 
a»l ooaosatratloa of hyxm^n blood j^latoletot fl&elr pireforlioo 
{{i3?eoii«» I* {1919)« 'Eolations botwooa tlio f l a t e lo t ooual ^ 
hiaaiaii blood and i t s iraooooiOM-triotor aot iea aftoF olottlag* • 
kmh,^ %B^%vn^ nod« J | t 304* 
HJort, F*f,, Eapaportt 3,I» and Owrsiit P»4» (ItSS), •Svid«no« t&at 
pl i^olot aooolorator f aetor X i s adaoafbod plaanst proaoeoloriii* • 
Blood 1^1 I139* 
BJort, ?«, ^papovly 3»I« az3d 0«rra% F,A« (lt55)« U a la l i a spoolfio 
oaa atago prot&soabia aaaa^, uaiiag &uaaall Yipar Yamm i n 
aapHalia aaapanaion* • J* itab« 01iii« Had, j ^ t i i -9?* 
Hjortf F«f« (^S^)* l a t o r s ^ i a t a raaationa i a tUa ooafulatioa of 
blood witli t iasua thfoiaboplaotiat aoxEva?ti% aaoalarinf 
prothroabinaaa* Soaud* J* Qllsu ^ b * Xnraat* 9i 3upp»S7 pp*l» 
HJort, Pff, (1057)» Xda% Ibld» pp» 98t 
0 
Hiort, P»F* (1957), IdoBt Ibid* pp. 183, 
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Hoag, M,i., 4gg«l«p, ?,M, and fowoll, A,a. (X960)* Diaappoarawo 
r&to of ooaooixiratod proooarortia ^straots fldB oeagonitaX 
as^ aotuirod liypofroooscr«rliiio»iaft J» OXin« Ijgrost* |g t 
Honarato, E* (X9&7)« 1^# pXaoaatio oofstotor of tliromliofXastint I t s 
atftsorptioii, wit& protliromltiii asd f il»rimg^ng bi' aXiiolxiit, 
atA trXeaXoitu pitooptiato ^Xo* Amor. J« P^aioX* XSpt 33X* 
EeufiOf 0, (X956)« *^f«ot of EuaaoXXo* Tifor Yoooii (irlypnroa) ozi 
Stui^t o X o t t l ^ dof«ot% froo* 800* oxp* bioX. sM nod. 
Homgioi 0«t Barrow, &»A» ami araliaffl, «r«B« {X9S7). Stmart oXottiag 
&of oott I oogrogatlozi of &n. horot l tary hoiaorxtiagiQ atato 
from t^o iiotarogonoiia group, h«rotoforo oaXXad ^StabXoi 
faotor*', (3F0A, proooisrortint faelior YII) di^|oi«Qoy« 
J« aXia, Znraat. ^ i 48S» 
HoffoXXi t»l« (X9X0)» 'Bio propara^lea aad proport i ts of throabla,^ 
togotlior witli o^oorvatioBs on aslitliromMa aiil prothroiabia*« 
Aaor. J* PHyoloX, | j | i 49S, 
HowoXXy W«S« (X9XS)« fho oataro and aet ioa of tlio t^roaliopXaatio 
(eyaopXaatlo) a\;^taao« of tho tl^amoa* Aaior, ^* PhyoloX, 
^ 1 X 
HowoXX, ii*l« (X92d), *Bio parlfioatXoa of iiaparia wa& i t s o&amlsaX 
ai]d j ^ a i o a X roaotXoaa'* Jobao Uople* Hoop. BuXX* | t | t X@@« 
EowoXX, i«H, (X93X)» 4 teact)>ool£ of PbyoioXoir (od. XX)« PHlXa&oX* 
pkiat aauadara* 
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aow«n» ««&« CX^9), *M%m^Xli&% duU* M«ir. Mai« Mad* Ml ^« 
Hug«t«0, <f, (1999)* MdtaiBorpboao Tia(|ii#U3« 4INI p3aqia#tt«8 t t 
f oniatioa du dXou h«iiiotatitu«9* Simiabda* B^a*^* Ha«ft* 
1» 177. 
Huiit97| E«lft ai!i& ialltQir, w« (1994 )• 'fha ooatrol ui &mi09&gaXmt 
th«rapy l a i^odairdlal lufaxotioii** Bri t . M«d« ^« ^t 197, 
Oha%i&litiri, 3«I« (196J.)« 3ttidi9S 0a prothrombin t l a s and 
aaatasmaixt of diff ortnt f aotorii of ooagulatiom in iaf ootivo 
l iopati t ls aod olrshoaliB, Sim, J§t 13@« 
Httssaliii Qti^ »f C^a»dli\iri, i^ *I« (19di)« *itatu« of plaama f aotor T 
i a llT^r dlooMors'* frdsoatat ioa a t tha Jwl Ij&tamatioiial 
OoiQgraaa dT Haiiatol^yt iS^ daasjf, Aug* l i i d , 
Hu8aal% a*^*i Mawoomby S.f* (lf@3)» ' i f f a t t a of tlirottl^iA on 
faotor ?*• Aimala of Moeliaiaiatry ami as^erliaontal 
iBadlaina* ^ t M9« 
Huasaint ^^^•f K««room¥» f ,F . (It(l4}« fhrom^ia a t l m l a t l o a of 
h 
p l a t a l t t 93^gaii aonauasption ratOf ^« Appliad, i>}i7alol* 
i t * 29^» 
Huaaain. Q«2« anl fhoiiaa ?• Ma«rooi&b (1964), Praparatlon af 
watar Inaolmbla thron1»ii&« froo, aoo* axptl* 1ilol« and 
Madl^  JJs^i 301* 
Huaaaloi Q«^, and Mavfooffito, f,f« (1964)* ^iffaota of tlirottl»ln 
on faetor ir» fraaant* X Oong* lntl« ioe* }!iaaaat*t itoottiol«* 
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Hnssaiia, a»^*f Slaaky I«3*, Ql&aiiiliurit S.IT* (1961) • ^tiiaatlon of 
B^xvm or pXasna protola using qaaiitatiTO lano^iot roagoixt* 
aiia* Oiia« 4ota ft 447-^ 43« 
jragoa&oxfi A»$«| Fat^ornikt A* <ii«l ii»lat M« (I9d3), 'tfso of antibody 
bount to ao^i£X9& ooXXuXoso a» an iauiBiiieapaoiflo a&aorboni 
of aoti^oia*. Biooliom* Biopi^a, 4ota jgi dM« 
a^aowa^ i S*0,| EloiiaTdlsoai H»3*, aisA f&r)mf i«A, (I91d)« * ixp^Tiiaasts 
om the Taaoooiiotriotor aotion of biood strum* * Axoh* iattim* 
a«d« jy^ i 9d5* 
<r^ aiiO!i, i«A, <X96$)» * Slootron midroaoof lit atruottara of platolatoS 
XI Cong* of tht latoniU aoe. ot Rawaat* S^ rdaay, 
^dhasoa, 3.A«, llo2ilo» B«vi,, Eolmokt ^AV* mzil Horni E,@« (I9dl)* 
&lgM ,^ ;Ulf ^ ,tff* ao8to% Utt la Irowa and 0#. 
^oliaao% i«4,, aM ^Imaidart 3«l*« (1953)* *fli8 axiotaisa of 
aistifibrlnoljfaiji aetlTlt^r i& pXataLota** 3olaaoa l^^t m% 
Jol^ Jtsoxii i^mAt axxl ^9«s>9V&p '^•^* ( l^^)* PiatsXat faotoro raiatod 
to blood olottiag* f roo« iiscm* Ooiigr* IntamX* aoo* blood 
f raiaaf u9lo% iaaaX^ 3« H^gor pp« MS*349« 
4^ (&i]8o% Jt^vf 39«gor8» <^ fH, (X9S3). Jjit ^agolation of blood* 
»«tlioda of atud f^ I>*M* foomtisia, ad*, truna 4 Stratloa* 
Saw York .% Xionloa, p» XEO« 
Kabatt l*t Magrora, 1*1* latinfttion of protainwith th9 folii»-&iooaXtau 
mailoX aoa^at QhsLp* 2S» p* S57 131 BjEpariaoatal JjemineoMoiiiatrr 
^arXaa 0« fkoaaa Fublii^arot $pri]i#ia3d, IXX« 03A« 
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Kfttgiiftlftleii II. sal i«l.A« % ( IMS)* *0«f«ly»«r ef ftalaoaiilAs* t 
«f kmoi pl^iWft wil^ t1ii«r* • Satisftf loaA* J|£t «89« 
tlUNHftlllA M t ^ l i y * Blood J|t Tit* 
ICeXl«ir» f« (1939)* tilt f«9««w X* imp* a«m«t« ig t Id i * 
£oU«ri f * t ^mammt a*> Iruftit i* AQEIA Muraltf $• At C19S0)* 
i»A catil^UKdiiiilisii^varM&ws* * A«t« JlMMnM^ * 4* ^^* 
IdIl«iPi f*y IviMiiy §• &a& lt«i&si3i|^3rt t * CXMO)« 9«1i*ip • i a * 
f a i ^ » M * ^^^^ CQt^«4 % i ^ i P t &* li82)« 
lollftiTy f*t lAtUfVfi &• aaA l»uolE«nt f* (IMl)* •lxiwyiM«t« oa 
» mm olQttiag fMtor (f aotor Til) «««a liftcnat* B&MI £t I 
%&ffp9lf @* ( I99i)* 'il«d'lvoa«»iiiBro*]^la&* miiUT^iiQliixtiiiii* ^ur 
f tii!diii9amov$&9logit 4tif m»da^«i^t«a taut »vm t0»immamm^ 
WMsit i a a»fsalisa mnm^lSahmek aattrblixl** £* s«nf#XMi^* 
l^f 401 (Qatl!«4 1^ Blgi^t ^t XMt>* 
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£#«««»»B»»fl««% lU emA Tii» ( l i i l . ) , F«arlf ieatidii «f I^nan aaft 
lierint iutd«l.«ria (3«7ttt m99l«nt9T glAbtata) oa an aal«m 
•!i^aag«*x«»iii ee lwi iS 33a»idlia* «^ <31iii waA 'Saik* Iara«t« 
KveeHmXt I«t« (100i)* *Soa« «X«o%z'op 9^x««ia*> in mHHoda «f 
ll09M«aiioal. amlgrsis* 0* §3Li«3Cf ai l l t^)* 9«ir X0]!^ 
X3a^mm9i,9n&9 fmlillaiiiarai ZiMi«t j^ t MI* 
MMlf I«» ilnAaMify l«Att Felkf J«l« asft liWKtaiit B«E« C2.^ 8}« *m« 
MP&a of atlifta «f threa^iiiS fiiif9»%« 4iatlia«« &a«a»if» It* ^^* 
l^akit K« mA ilaAacTt J«A« (li$4)« '@lL«ai«t«!sr aal l^ysioXogy of 
i^akli £» mA ismtwaA^ SH iX94M)* On tha aaXiil^lliljr of f iliria oXata, 
liaalatewiii &«&«« Saagara* f»M* (X9$f)« aaoail. J* MiMmm* aaA 
Fli^alaX* f | i 23iX* 
ZiasAal»i3mi E«S, aaA iaag^at W«l« (I9dS)» *mth9ia im %h9 aonaaal*' 
satloa af teariaa Aa-gXatusOiii (faatar T}*« 3!^ jraa% dia^« 
lAiiBliai^iiit §•?» miA Wava^  A«t« (1085)* lata aa Ilia OMaHaalam af 
aatiratlaa «P &«««& plaava aaaalavatar gXa^^lia IQT ^uranliia 
liao^aa* d i a ^ a * mta^ Jj|i 38S* 
249 
for propftmKiom of 0aaaBiMglo^ ia34Ui« fxto* 3oo, ^ t X « Biol* 
XoA* Ja|t 
£«iriOy !«!« mad foriiiaoii« J*I« (3i99S)« *%909rosooo3«rliiialA* 
hmiM^ ^*l«f forgusoHf <r,H«9 ii^ii«lit £•# frailly J«t,t aaA 
Bloei Jgi M ^ t * 
kmXH <f*S*i lSo«BO% l«ir«t ^ariy&ioiit a«i«« iliiiet, 0«1» «iiA 
f«gfJb9r« f«a»lt# CX94d)« *ilio r«l«i loa of eorloiii f motioao 
of tHo ^laoao glo^nXias to ^lo ooofttlotioa AiCoot Sa 
Hon^^iXio** BI00& I t l id* 
lioviay !!«]&«» oaA WA]?«p A«d» Cl$ii)« A olaflo froooduro for 
t ioa ^ $roei»roa>la aad oooolovot^ f2o%alia from oltratoA 
hwam pXooMft* f root ioo* W^me* %ol« & ii«A« J | t S9«« 
lioirioy I|»It« aad ffaro* A,t* (1983), A oao^otago aotHod fo r tHo 
dot^raiiiatioa of aooolomtor gLoWLIa* ?voo« 3oo* Ssft* 
31oX« 4 lii&« ^ t 640# 
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wmw$M9m^ lull* 9«« liii» ii« a«jsl9ir ^ i lld-*llit 
Smmt^ ^ t# aad MsftUf J*f« (1994) • *ifeil»« ea H&t tewmoMl^m «r 
itr«A»jj«idliiilil9 fi1»la*« J* %iol* ^moh M3k* ®^ *^ 
ftaft ii9«l9t «^ (1964)* *4 t]!«iiMMl^ iu)i« B9e&a2ilJi« f ey 
J&eeaist ^v^* ' ^ s<Mifir»p w*&» ( l i U ) * * f i ix i j r i«& f fo tHvo iO i^ i 
^ i t i S * 
ItOiraaly It* (196$)* «Ilisrsioldgi^l IOIM of tlhrixms^s. aod f iteria*. 
f •&«r«ll9a f 3ret««Alagt sin^osia t«rt 1 TQI* i4« pp*?d4* 
l«sii*ary l#li*» £i»Mt i* mA. frnflm^ f*K*li* ili9t)* *&• a«acia»fi9a 
4«fctt la )i«ii^^ilat 1^ 8 0196 fx*oi»ftlrii^  as t l f i t j in 
™!^  liWP^IP^^ iWpB^mP^fc-^^**^^ *IPP*'WWWI J W W P ^ (^ ^ r ^ ^ ^ ^ ^|P*^B^W>WilWW )PP ^ ^ 4|F ^^^^•wl™^l |p - ^Ww(^^ ^ P ^ P ^P-i|p^ J ^ M I ^ t " ^^^ l#^^^gf ^Kfr^^-^t^tUf 
3*itf9li«r| i*9« (10i#s)« tisoous wm%mmTsSii»9$M aad 9l9t r«tz««tl9iit 
Tox iaag* j^ t 133* 
IttMlMrt ^t^* (lt9i%)« §1^989 ftla 99f«aEt9r l 9 i 49F Rvtxslelloa 
499 Sllii89»illA99l9# lief9i*9IS$ia J ^ l i94« (Qtl9t9A ^ 
Mmikmm 3J6t)# 
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tdixonNwytta*« mm» m9&* w^ i^r* (^iiit«a Ir ^dlmrti 19i9)» 
lf««^«rt l»f« (3J$0)t Msod pla%«3«t»»tAi«iif r9ls^l«a»iilf to '^» 
%!««& 9 l»n ia i mfs^^m. mei& to &i»ao«t««l0 (a vwiMm)^ 
Tom 3ii2«« ft 8i0» 
M««f ftvlA3iitt %«&» (1961) • f&9 9e»g«Lia&t tttttioa of vuMoU irlpoip f oamit 
«&# 1UW af a&tiT«a^ la 4«f iala^ i t s soaotloa witli a soamB 
fa0tWP*» 33flt» #, a«Bat#lt Jt 49e* 
lf«KtarXaa«« S*<l« (19t4)« *Aa •injra* «M»iift« ia lOoed olottiag 
^AfavSaati &«&« as& Bll«»* 1, (1$33)« *A mspsa i^a giaaaNKfeioa taatt 
HIS ai»fllaatloa la ^aaoflillia &nA %hmt0^&jimpmdm^ 
#« @lia« 9i^« £t 3* 
Magaliait 3«J* aaA et«fanlal« M, (199d)» Stmdlas oa flatalatsf 
IXfl^lalunSa i^nOaaatia JEPanaaatfaa— aatlTit^ o^ hrnma 
i a l^ i^S^ M* {U$^>» ipara 9»i&a, (^aatad ¥7 Boagl&it K^^ li9S)» 
lairn* ?«B* aaA SarB, if,ii« (1930)* *&• oaai^ l«x aoalmaiaaa «r ISia 
%m&aic ^TutWQwbM tost ana tiio off oot of ^iammmX* 
A«or« J, QUa« f at&* ^ t 9^ 9* 
HMait '^^ ^ «i^ Sttxat M. (19&1)* *@ot&7oa^flaetia a f3P9lm l^o faotov 
ia ooasolatioa of %looA« imnT^ S^ ta^oiol* iSk* ^ ^ 
25 i 
4i#iifftyffl oa rminiro'iTilifiiiliinitiiib A <fiMitoF ia lilddA <soaA#xaiMl 
] f i j% f«J&*f I«m« M»ll, aal Hai^t&i f « ^ (194?)* *OlM«irrsti»a» 9ft 
t&« 9oa!r«r«i#a df prot^osibia to tlii<oaiiaS ?fdd* aod* «($« 
Mfltftoait l%t Balilaif Bfl«t Maai&Mt 3* (3JII9)« L*%Mi}3jMii a*U« 
l^iAttarla** Iflatrra mt» J|gi 4989t 
SI»<l]Aii#tS7, E,X4 aaA S«fi««r9t ^v^* (2>950)« «fi«t^s^ii^i% tiifQi^tfInstil 
A#§ and pXat«ltt aoo9l«mtdXM^iuuilitatlr9 iatt«9P9lati#ailiip** 
MlmA S^t 303* 
loElaairf &•!*» ^ortiHf i,^.« Ei»iill«s» &«*• asA @r««% E« (X933)f 
aBspisstex^ sail gl^tolrtiti a o t t r l i i M eC imaaa l^usMytss 
•aalE9 TineMif pi^toB* aad J^ soisi sjdxwot* ^* l>l:g«i#l» J§i 
ga»I3Jgt ^3#»303« 
KtXIaidKrf J^# (ld3a«3l)« *l>z9tlun9«itos«i I ts fr«p8pf«tita aasA p r^ofsiw 
t lssS wm»t afoy* 090* l^iA* J ^ i S7I« 
M«rt8» l»f«» 39«g«r9y tf»H«y mi0> ialt^t l*f« (3J39)« *la««t^&ti9a 
of fxt^tb^a^ltt W pvr$£i«& tbif9^la odlwIloasS Fx99« «9S« 
«{^, %i9X* and B«d, Jy^ i 6i7* j y ^ 42i 304 * p»ttlsr9alKl3^ 
tMzoidlopSiMtim ffii& t&roaliiai QttaoititatiTt ijit«xV9l«ti9aiiili«« 
252 
li^aJ^i, % (X9S4)» ^fv&mt9ramtiQm of itMH9§m is le f ilriat 
.<diiiaig#» ia 9H diiiFlag elotttaf of it%wtmm^ *^ liidX* 
|^ypii« l^ai Mia%0r1»&X pianipv^tirts ax^ pirtstui status* • 
fs<l* 9X^ «« j||[i 748« 
Mindansit ®« im«l SXusol^  H«I» (X9S9)* WXamm pr9thTmk%$M la XiTsr 
aissassi i ts elialsaX aisl fzi»ptostld sifajut isi^ iDs* 
Aim* £(it« a«S« J[^ t a31^X3i4« 
jliasti §«!• mii, Xissg E«l« (ldaj$)» *m« hU0dL platsXsts la li«a^iXla*« 
mast* 3«ltt iimUm9n$ 0»s*« lii«is» J^ »I«» ^8^t»it H,J* aoi $i^ Xe»« 
ftl«l*« (3J49)« *fli« «rf«9t la ^M^piiiXia of IStm pasvalsfaX 
aAadaiatratisa ^ a f rastisa ^ l^ Xasi» glo^XXa xlsli ia 
ti^im^ma* ## OXlia* Iar««t« | | i 1^» 
Mosrst if aM it«i% i«S« (X9M)» *lz^s&itr«8 f sr t ^ siumaatsipmiliis 
4«ft«3nilai^ Xsa «f aaiao as Ms sa t&me pme ssat ofess^Xiakift 
stiXfsxuittd psJi's^rsiis yssiast tTSQ* m^i 9D7« 
Itr^ltSt f« (X904)* *l#itrag» mwt k9m%M» d«r ^XatgiHriiiamig*) 
MiMv* ^isa* latrslsX. ?at^» f i XSS* CQv^ t«4 % tXoriaAt X94S)» 
ltoXX«P»Sks3e^ avA !«#« aai 5ssS7 «^ KuulesX (X$S9)» m« sarM^zats 
«f i>>$X«lmXia sad i|fsXsaa firstsias* Isar* &pt« iM« XQ4| tSS* 
253 
a i i AMt la t'arieiis s f M i M * * A««f** »^ pb^cioX* 3^t 3J4* 
ii^ npUrt S«9t 9SBA i*«i«r», W«l« (It04)« BI« atc&eailffia 9£ mtiMA 
^ %immo. m^9%Men,%9iT ^fi%«a.la mA Itti y«lii,ti«a %& 9i^m 
«oJU.«otlda taA »«9x»i« I f ^i$tmemwA $teaaltii««» Bflt« ^t 
mm'm^X ii«»»«xlfcaglii stat*** ?v«o» add* «8 f^tr« Hoi* % M«&« 
9««««i 6«f • Cl<^0)« *f9a « i a ^ 9i^llftb«a »«iftaif su toAtl l^^a 
^Iu2aa««at AI<^« f* a«i« «i€8lir» ^ 38S (Qu9t«t ^ flalx^btt 
f l te ia i i9% f x«:i^«fatli»a of ovpliaUUi fvoa luiasea ^JPHIB* 
S«»«oa)iy f^f* aaA S9fl3^ l4l«.y if> (li#8)» *Mtm%m 9f thv»a%la im 
footer V* (p«3»eaaX oaamaisatioa)* 
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iixd^Oy t* (lt3d)« *lllNir d i t «le«lirltfttslBi«ff i»i«ji i ta d«r l»liiliiiti0aia 
lailn li>«l/»a»a**ltaa8 »a^m%l»a tw dl« gtrlae»&Be d«« ^2iit««*^ 
i9fiiidi]i» Atoll* ]^«4dl* s^fX* Jft I. (Qiidtad ^ §X«riad» it 
OtBrlwat 4r»l* (X^f)« ioae «£t9%lm && X^o«»d cioagtiXglida ^ «e3r%&.¥i» 
tt^tvtt eyal «t&«r 09lX«« #« ^XXD* f a%^X« JJ^ i 4®, 
@*Bxl«&t i*% (X9d@), *FXate3«l! ai^ prag&tXomi X tdMA aff Mta ^ ^ « 
ad&««tfr«a«M* XI cosa ]r«amXi» iw^m m mm att&od «f t t ^ * 
J* 0Xiii* f atli« j | [ i ddS* 
* AagtlMixoanap IteigoX aa f s^t^i?'T (faziSuiM^lXjy&) YtiNliiaditii 
a l t •fl^%«r hmm^iXim A ll«i «ir«i bjptidt^ a* BX^ X« tidX«|« s^f• 
Aim« f*dlft|« Sfii S?5 Ca««t0d i^ Bi«ii< X9dg)* 
Oiro% 3,At <»id aoXlaisa% 3^1** CXd43)» *f stmis^saliift 9oar«r«l#m f mt^r 
^ dldUBMiFoX fXa«aa« f 2*dd« 990* «%* %ldX« aid* S«X* | | i tiX« 
owo% CI«A« fx*« «id i»#f«rt f* CXiSi)* *?^Pili«iM^iXla*« Ai9)i« H% 
««d* M l X9d« 
0««% a«A« Jx^t iia#K«b« f*B*t loXXmoEit #»!»# (Xt9X)« *fxiaiih3r0«)i^ 
d9inr«r«l9m fif^tor im ^3L#INI ddageiXatidA*, As«r« 1« ^lytJUiX* 
Xfit X 
Oirrt% fcAt CXM4)* * ! « * inrtirlXffttloiw on ^ « 9«afmXflii9a «f 
i»xo«d*« Ax%oii« t^ft d«t, jisxoiEii vid«isi»f««i»id«Bi p«ip ax« 
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OwMiif PfA» (1947)« *?«r8iii«a0^ili«*ft liaai«t J i 44<« 
3inp9% f «A« (X9^)« 1^« f i f tb ••ag%aati«& f •dtdr (f aoto^ ?} 
aaA •%atm6ti<r« |aiiaAi9«« doaisliinEr* ^, 03«|jii« a l<al>* Xttr«stf 
^x«% FfA* (3.952.) ft A (luai&tltatiT* •»#«-•%•«• ••'^•4 for "^ v aM«««» 
m»w^ af prothMi^iii* Pr««ttiiai^ III lat«ziialieiMi3. of 
mw6$mX af diaitaaiPQl tli^ xapy aaA t ^ t^niitattra ^9%mmixMm 
tiaa af prat&iP^ iEbiJi aaA froaaar«rliii*t SaaaliT* 1* OMii* meA 
OnvaBf ?«A« Cli03)« *trat&uraa^in mA aaaaaa^ry faatara** Asar^  «^ 
Ovxanf P«A«y Ei^apa:rt^ 3«X«y H|art, ?« m& Ma , I , (XfS4)« viSia 
l^ia^aaiati^' af t^vaali^lAatiat I ta f afwttlaa aai aatiaii« 
Saatt H t 71131ft 
Onu^ a^rlaaori 0« (X949)« AiitifwiP^aiiiiliedy rmetl^m ia gala* 
256 
Faftf J*S« (3^18) t 3«i?9toaia (iM^ArtiET-tfrftaaiBftl ^» •Last fs«a» 
f&s!r«ttlj«r* 4r«A« (I9§$)» •f Xa»Mk tilHfJUititii •(i|ia«|i«iui* • ATQII* B1«« 
Farltfra)^! A« (1917)« *9Qii:67ilKitid2i td ^ « fat^fi«ii«»i» of 
&»aiSfliilia*« KLood ^t 1SS« 
?ierlfl(r»]Qrf A* (1999)* *OdBl»fiMtioa %& th« |»«kh^»»si8 «f &•»»« 
piiiXia*. Snail J||t :UI2« 
?«le«l^«ri»g« 0.A, ( lata)* »Usl«t9ua&inig^uMr 4as fiiiriiir«ffi«il*« 
(Qti»t«cl taf Of mm 3.947) • 
l>«t«r«#% M^K maA miiWf 1«A# (X996)« *a#li«aes« i0^«ais)iaiii« 
a4sd:r^At«% J« ^B«r» ^«a» ioo* J | t 7ai« 
f«-|«r»9iiy 1«A« ana Soliery H«A* (X959)« *A Yarla^X* gmAlmt drrifta 
257 
F«tlt ilfmU *aiii«@4rtt d« 1* m9&%w$M% mf&l% das •ali&aatt mem 
Fla]|«itiiit 1«V« (X9S3)« me %l»«d 9la«aa la litaXtli «at diaaant^ 
I«t« HaslfUlaai 09. (Qiiiat«& ^ Soagarst w»B«i 3Jii)« 
Faelf if*Q»^9 {19d3)* *A liaaorx i^agia «ta%« wmt^X^m M^mj^iXim*^ 
?ooX« «r«0«f» aaA Balilamay J« ilMO)^ ' laTitva sftt^aala df •»-
%galA%ian. tmtem ^ mt !!••? 8li#«ii*« Aai»r« il« i^8idl# 
2M* 3J9* 
^ piama ^& IR i>at« tx^o* sae* as^ asr* i^aX« ^ iMt* J|[i 
Pavwtl&t «^ asA fio41% f • (X939)« &9I filtsatioat a «ift&od f«r 
4aaal:l4ng m^ g^cmxp copaxmtiaiw latvx'ft JS|i IdS?* 
?vaiilc«fA|^  f»4«#* (1991)* II19 7«d o«ll« An tuttausfe of ita i^«alaaX 
pHysialaflr eait pidliolacr* Blaeivall, a^cfwri* 
PtitBa«t 7«t« Cl9i8)* f«f«aml OaaHKiilaatiaa f or PaftMa mpa eoA 
a(alt%l« ataiaiai ttohal^ mftat 
ftttag»t f«Wt« iaail^t 0«tf« (3>9d8)* 'Stmafmml t t^ la* af Xawmo* 
glalpuliasi It fiTjrptja paftM«« ^ laii8«-Nraa«s fapatoim* 
Jauir. BSol* ^ttii« 84fQt 1SM« 
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Qviok, i , J . (IMS). ' lb* pxotturaAin la iMaBjhUla aal akatraati** 
(•%^»t9 ti«i^« •Ktj»oe)g Aa»r« r^, ^iysi9X« jyy|t sss, 
QUikt A«^ * (1943.) • & • i^79p«tix^«liia dd3aa«£il:r&tidii in %h% blood ^ 
TiOPJ^^ •p«eiM« AiMT* ^, ?)iy«i»l« IMt t99. 
QKlAkf A*J» (1949), *0a til* doastltulida ^ fX>9tliz^ »%im*• Ai^r* i* 
fhyalftl* 24^ Qt t lS* 
Quiolct A*^ « (1949)« *0m th« (|iia!ilitfttiv« ottiaatloii ^ FretlxrQm1iia» 
Aft, #• (31ia» fa:^* ^ i 990« 
Qmiytky A,^ * (1949)* *l!kt oo^poii«at9 of f?etiiy^Bl»ia* • f ^ o , soo* 
•J^, lii©!, aad a«4« M« 8<k^ » 
Cittl0k« A«J, (li4f)« @#iig«a4.tal JagrfOfx^tlifoi^iiiMiia asA pMOdo* 
^ f^fQfVotiymalil&aaift* Itsostt ^t 979« 
QuifilCt A«J, (1949)* 1^« Qoagulatiozi m9^mi»m wltii tptotfio 
jp«f•?«iae« to %h9 iattrppotation of fvothroabin t int ami 
ft oomsiilorfttioii of ^ o px!»t&rombia ooiuraaption %1JM« 
Aa«y« ^t Oliti* ?a^»t Ml 1019« 
Qtt|js]e» A,Jt (19^)* *C21o't rotifatloat Ito il&rsiolos^al a^ aft oltaioftl 
oigiiif ieaaoo** Aaor, #« ltd, Sol* Jl^t 993« 
Qttioki A««r, (199?)* loitonliftglo Moooooo lossy Kin^toni liO^ea* 
^59 
Quisle, A«J« (X93d)« *m9 mtm?9 at U«aAiag la lauaAiaal iMM llQt 
X f^ , 
Qttlai^ A«#, (X9II9)« M99m^emMgiM l^laaaaM* iita ds f i^lgar, PJilXaAaU 
fliSa« 
^ttiait ^ ^ * (X9S2)« 0aagaXatiam l i i va^yaapaat* (MXtailaXi Att«7# ^, 
aXialaaX anlir i t lam^t X?7« 
Quiai^ t A«^ « (X9e3)^ BXaoA PXataXtHa (MitairlaX) firaaaCiitalaa f t X 
Qikiak» A,^« aaA Sii^aiiltti, n* (X94d)* *fli« aoaaaoftymtlan odt %h9 
M%Xl9faiditQT-^^'^ii}m-~pe&1^aam^i3xr9^^Xia^ i a liima% Aas, a ^ 
ra^Mlr VXead} i ta aigiilfiaaaoa in l^a ftatamlaaliaii af $r»» 
t^x^iiBila aattrity* <r, lia^* ii OXiii* lte«» J| t 8X9» 
Quialc, At^t aal stafaalftiy M» (X949)« *Sff aaK af dia^naitiX aa H&a 
aansasiratian af ^ a Xa^iXa faatai^S f^raa* aaa« aai^ * "biaX. 
Qttialc, A*il, a]3& it^Timiai, M« (X9S0)« Im lanaxv&agia Biaa&««a %f 
amlakt X9®9t l«aa ^ f al»i«ar, miXoAalfiiia* 
iSikla)^ A«#«, i«aiiaajr«l«e«% ^ »23i& ftuaifal^ti, f « f , (X93S)* *A vtv&f 
af ^ a aaai^aXaliaa ^^99% in licaofliiXia aaii a^atmat^a 
|a«»ljyia« AIU^, i« ii«4« mu ^ t i§« 
EablattTf S«f« 9,wA %«al t«S* (X939)* Sl^rai^fXaatia gaatratlaa aa 
a %99% 9t Xivar f motlaii* Aa^r* «^ ilt4, mU I M * ^^* 
Eaast, 3*9 Staialiaz^ A*9 Adas, A*, ^a!ia, §« and 9afEi, 1>« (Xi^9)« 
A atnAy af ai^lfltt vi l l i axy^upeairla fXaaeaa d-^i^aafbala 
4iii3Mt«»«iaaaa 4aflaiamirt Xnraatifatlati 9i fXalvlat aaayata* 
#* @Xis» lmm%* ^i XiS9* 
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Si^ttf^^f ®*^i AM| I« mwA 0«i2*f% ?«&• (1994U ^m* dl«ttii« 
KiqMi^ rlf i»X«t ttua AM»9, i«B» C19S7}* 01«t$ia(| ta9tdf «••»/« oa 
&^aipia» iyi#r* J« M» ii«« j||^Caui.)t d7a«4is$« 
$m^tp»r%p i f l t t JM»iit i,B«| ai3A imsMmUv^ i« (1999)• i#«r«l8 of 
&i^lli«»pliilis gXobttlla an^ pn^daootJUrla la ttmlh msA Semk 
WimAt Aa»r« «^ axia* f urn* jy^ i 991^ 304k« 
li^ap«r«t i*X*f ^Mi«f ^9^ iMft^  Bwall* 1«^» (19«0)« t^ MMH «9af«3A» 
tl»a 4«f tet la lorsivmKlId l^pas imyMwrnoktoMm mgiMi»g tmm 
lijrp^r&t&vwiblii 9«gliiatA with mtis^mtimmhimm^ aettriljr 
Iap«t9<irtf i«I«t AflNMt «^^ « MikkiJyMa 3^  maA Q^oAmm^ «r«A« (1990) • 
^imwm, al9t%im iM%o»9 i& ^hmia^ li»pat9i«lXalar d!«•»••• 
M^m wm^ #• tii4« H i t S?i* 
ai^i^orti i t^* a>^ <l9e4«m« J * ^ (1997)* m e t t l e falitor Ahmrm^ 
XXtim i a e r^oaSft JUirfT 4l«««»«« iiyjUarr «•«• J|j^i 29X-8i9« 
lld«wuimi% t« ^  Cl.999)* *?iivif ioAtioa ^ fiqroa^la ligr ^r^mtopv^l^* 
aiooliii* «ft Hofli^s* a#ta J f i 197-1^« 
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iAtja^f« 0»d« i%m%)^ k f oaXXisa. timXt oHftSttotoriooft W aoflftioaoy 
9€ ft oXot fS^iiotiiig f «ii«$|j»m of $Xasa&» J* Iit^t €Xi% ilo4. 
c^nrXoo a« HiovMi* 
lotaoffy 0»B* aat doXof^t J«l» CX9$9)» * 4 fft«lXX&X lioQOSxIu^Ei* 
^pftit ftooooiatot wii& o 4i€ioioi»|r ^ a olot ^p^aotiac 
fvootion of fXnoiia** ^t OXla« laroat* ^ t 602« 
amtita^ o of U^^mmi t r la t * f jfoo» $m Songrt iii1s« 3oo« l«aat« 
lootd^ 9* SXI* 3, Iaa?pi% -iaiiol/^^iir foxte* 
EAtaafft 3«^* »>A Mw«aXXat kt ilim}* Im 0oii««oi» i^aoo of BXood 
o^MP<^tXoa| CiooooXi a«i<itf Xdft4)« 
loloakf J»i«« aiiMXot ^ t ^ t #oim«o% i«4« j ^ i l ^ (X9d0)i *doiitxltai» 
tloiio «r oXoottOft nloifoooi^f to tlio atn&j of f X«i^ oXoto« 
Hamor f0x4 %0|^ « aai« i^X* ^i %f^ 
lofeiMki <f«i* (X$S9>« mood |iX@A«Xato (oAXtoyloX) fs'aiiof«aloii J i X<^ « 
ftoaoovl 'h^m 9sA <kSikmif f#P« <X949)» *f ovtiftX f i r l f lii«lioi& at m 
f i ^ o o ^ t i o oao^ao of awmm, aovaM% #* t^oX« ^an* J | | t 43X« 
lo%i->ii«i^f i^tS.f* (XiSS). ^mo lulplAoat dliit»i^fii« Tioao m ^ o 
i^X»llyoaiiii9 ^ flarealNioio mA %Xoo& oo«ca^ LaiX«a» ^s^* l(at* 
EoAarlttki li|lf» (XiSX)« *4 preliXaii to tlio ooa«iiX«|ioit of « ^ llXoo&*« 
oXorar tXooooo of OfttlXo* i«a»* if§ $&r«XoX M* ^3d« 
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Eodiia% Hit I , Basrowy %U» BIA ira^am, #,B« (X9§a)* Dia^^ais e»d 
ooii^rol of tha li«BQ]^iloM ataliaa wimtl ia partial ^soi^w* 
pXiMtia ItlJM 1(««t, iusar* J« Oils, f aia&al* M* ^S»99S« 
Itdaaiit S«f«« Xa^iii, lU^M iio^wrltt M^M^ mk mtiximmm^ IC«M« (X9d8), 
pliaifaa of olotting* Aaiar* J« QXin, Fatb« j^s S71* 
a#««al&aX| B*l.«, Bin»lEi% Q*H, axi^  Sosaat^ial, M« (19SS)« *S«ir h«iO-* 
pHiHa Mica iiaaaaa oanaaA )ir Af^iolaaojr of a tliizd pXaaaa 
Hn j^g^Oi^ Xaatiii f aotor« Ffoo, 900« asp* 3ioX« BM list* (ittt)« 
looOf t* (X95t)« IXood aoapUoslioa aa a ooatimioita pi^oaaa* 
^ i ^ s ^ l^ aatte* Iiaaiaeneli* Jt 47X* 
&oa)m»t «l«f fiuffttoOf ^ *9 Mmkmmmw^ ?« aa& iaXaan, «r« (X939)» Si&a 
part plasrad 1^ pXalalata In t&a f aittatloa of aa «ffiol4»i« 
tiOMoatatiii pXii|^  ^aeoaH. Baatii« ^aiHiovm* gt SIO* 
aaoJoiy ii»iil, aaA EaootigXia^ 0, (XiliS)* *8^a4itar7 d«f lo ia^y of 
paroaooaXaria (pavaii«»piiiXia} I a ti^KU^ 8tuAy% J, liab* 
axitoi* iMi« jy|t S9, 
S^aoliiiaa» S«IC* (X999)« IIXtraoaisli>2f«iiitlo% BIfftiaiait azit 
Tiaso»rliTi AaaAaadlfi ?vaaa Zsa*t 3i,T#, ^^^ 
itfliaxaia, Sax^XI A« (US8)« *1li]!0i[dila audita iatavaotioa witti 
flbviaofML'* 4i»ia3a ^ S»T« Aaaii, Sal* ?St ld9, 
3oliara«at S»A« (XtdS), *Pi*9taiii atxnotuxaft ^ooAaailo Fi«aaa, V*T» V34 
2G:I 
S0li«ttiidt f$1Uf B«fmi dftiuttii, Xi« J)i fT9m9m9 asA f» I«a. (X9i8)« 
gmmmm^* ^^^* ^a»t« Biysiox* •9«f J|||i d7S« 
idlMBl4tt 4« (1890)* £iir l»Xmm«i«« yog«X« I*«lps4«« (y»(rl«d ^ 
S^ttlaftiiy 4^ iXnX)* Si»9Vkml9m l& M»^ FX<it«X9«»i id, 1^ 
SohmlJiaiit 2« a^ S«imf f^H« (IfSS)* *S«Bii£Xlui«^ distAn* in isf^at 
d«w %o difiolftssj of «ad«8eiriWt «la%tiii« f ao«9V*« BXeoA Jt 
iilimls« S«lt« Itir^iuiy 1« aal Sio^lt?, I« (X9S8)* Bio »ltx«it7al^m' 
&9T flixeididsrt«3a IMI dor 3Boa«%itiitiomo3J.«n i^sronlm^&l&id 
(•« iilloliimiiUJttrgoas) mil olani loitx»£ s^ er outailEZQ* 
okof ioftHoa OrtlioXogit dor I&reatei7t«i» f&roa^ Qlmth* 
ift^aosr^ Jt SOO (aiiotod W MmismM^ il«f«t X9dll)« 
ioa«ft% 4*#* s»d QwroEy f»A, CX93$)« *A& »ooXoetla adoor^od 
ou^otiMto for ]^ roaoooX«ria oooa^* * i* OXla* larost* ^ 1 Xid* 
3«o«or«^ W»R« (XfdO)* *furifioatioA of frotiirott^ln aad thiQuOiiiii 
^ottioaX prof ortioo of p^rifiod propura.'lioiio* • #» BloX« 
<^9m* 2M,* ^^* 
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S««^ra» i f l « , J«dal», ^Q^ aa^ ?Aad^^«XK, i.M^ (1944)* *mM«XQ* 
@b««t JJ;> 3.99* 
S««t«r«» i « l . (194S)« *l«i«»ftta%lys agitsl** moaas S^ifiagfUU, X1I,134 
ef i«9«st aiftT 3^0«o la ieiiowi«Ag»,ef ?£>@t^ 7eiibia« t«3aui 3tat« 
i a « f « » , v«&« (X9i4)t *Si»pM t&MiXT i a %X«d^  eXottiag*, f«d« Fy«9» 
t&fi«)i:Ut adtltratidat Hiwr lataalbia otatrl^ixtloa -I® oXJinioaX 
i««gara9 V«S* (3.90d)« *lla0io aiKiraoliigr of bl&od oeaguimHiom** 
fnarofib Ol&m* lata* ^ t 2IS« 
2r,5 
io«go]ro, f*a* (Ued)« %oeiaI arlieXot an omtXino of %miM 9W^^ 
m&X9m iA %10O4 oloniiig* MisiiuM»ota Mod, j^t X7X« 
a©ogox«« €•!•» A2k$&mfmiSf *^ aiod Jolmooiii i»A« (X9d9)f ^fo^astioift 
of atttopx9tiurom¥iii la eoXntioBo o«ii%ftlalag psaeSiltA pro* 
mi^alila axA piirlfi«& pXatoIot faoloiP 3% ikAosr* J« flajoioX* 
JISli 389« 
Soogoroy W^i,, AadrtiWSy I«B« aM maim^Xff t#X« (I9il)* ^oraotloa 
of f srothroa'^^ dorlaratiroo f loa p^orlf ia& protlizoiiliiii* Aaor* J* 
fliyoloX* Ml* ^^« 
$««govot w«l«| J^uMio% a»A* (X9§$)« *6oaroiraiom of pTOtHvott^ la 
to ftHtOfFOtliroaliiii XX (|il«toX«t eofaotor XI) &aA ita roXatlon 
to tlio %Xood oXottiag a«oiiaiaio»iS Aamw* 4* l%qraioX, |g^i iS9f 
Soogorot WfH,} J^aooiii a«A« iinll l>o»ao:r, *r»A, (X99«), *^antlt&tlTo 
ooao^fto roXatod to protiu?oabia aaA autoprotiivoaibia X 
•otiTity** Ofuiai.* 4» dl^eliott* J^t m% 
3«ogorSf W«E«» X<>oai»f ll,a« aoa Vaa^ oaHoXty v^M* <X94i)« *l»r«pa7atio& 
of protiiroaiilii pro^uotot looXglioa of pv&%hjp9aS»iM axvl i t s 
pifopoiptioo** Aitih* l lo^oa* £t 8S» 
SoXat M» (19SS)» Poraonal oosu^itlnatioii on ^Fropasatiom isiaA p7op«ni«o 
of wot«r-i!i9oXia%X« dorlTatlToo of ftypoia*** w«isman Xiwtitiilo 
of ooiimooy X»x»oXt 
Soaao CX749)# 'T i^to 4o Xa otimottiro Ata oooitr, 4 tO| Fario, X749* 
(Q«teto4 liEr SooforOf ^tR*« X9dS)« 
21fJ 
I^ X&toXift alttVKlioiM iliuriag «0a«ala%l9ft*« mtm, haoeit* ^ t S09* 
ilialiMfti ir«B«t fastf I«H» CX9dS)« ii|^iClflaad« of 9tf&f3f9ii.^an& i& 
iXWia»89m»it}twiM»9Qmfimi^nm S^ ^ « l td* j m t $3?* 
dliajriAaICi i* (1953)* Piaaaaas of tt&a l iT t r aaii Blllairsr iiQr»ta% 
iaaoa^ H i t 10% Jlaal^allf Oxfosd* 
^asx^t ^*i ti^Xl§ ^« (1954)« *2&a iiertloa o^  tHroia^lJi oa i^a:tiMlil« 
aidiatzAtoaS #• I lo l * Cf&aa* SOit 91l« 
Ssltliiaat 0* (19S3)* *Ioaa alaotv^flioraala la ataz«ii galat 07ot;^  
'Varlailoaa lit tlie aarura prolaliia of »oi^ml human adulta'* 
31oolia»* «^ M * ^^^* 
saltht I*t«f Wamar» i«B« aaA Ixlaiaioaat K*M* (1934)* *ltiiig axts^at 
aaA 1»loa4 olotflag** Anor* J« f l^alol* , | ^ i iS« 
So1iar» S«4*| asA PatafaoHf B*A« (19^3) • *?i^tala ohz*oaa1sogi«|l^  oa 
loa asa^aaga oallaloaa** fad, Froa* J^t Ulft . 
So^ar« S»A,i fradnak l«t ^mttaaf^  M,M«» iyolcoff and ?atay8o% ^K 
(19id)» CaikTOttatograjpiajr of fpotali^i fafaotloaatloa ^ aarmt 
px^taiaa on Aalo»<»ilxoiiaii|^ Oallml^a* ^ t 7@S* 
aottHar, #«^« aad t£om-<Wa3P«allai 0* (196d)« ^m data oa HagaiMia 
f aator wA plaasa throa^flaat la aataoadaat** Brit* ^* 
Haasftt* £ i dd« 
3paat» f f l * (199?)* *4ntlooa«ala;ata darl'rtd froa plataltta** 
«^ i^pl* Hi^ralol* J^i 119* 
2G7 
Bpnmtp I t J . si^ Sargta, «r*S. (19S2). U ooarftiilea;! afttlied for 
pr9fa?a«i9m of f adt^r IT • A9£Uimt ^l&mm*, J , 1^>« 0X1% 
iK«A« ^ t 839« 
stvfsttial, M« (X990)« fia« &«i»f«itogi8 4 i f t^Mi« of liiror - dygrmiii»tl»a 
H#««tolocrf XX-C ZatomfttiomsX 09aipr««i| p« 4i4« 
StiC&aiiili M« Cld9X}« 'Ao-IJrlty^ ^ pXattaR Xateil« im'Ht l a Ai««a««*, 
St«r«iiliii« If* (1994)* *»mii9 tumhmijm «f h^mwtmiM** i iU l * l«f« 
St«iranlal« M, aa4 BBma^9k, i , CX9S$ «iiA Xi i i )« m« a«i«9J»feMici«i 
Bo^iAgm^ !«?• (X992)» *3tudil9« 0ft f X«t^«ts« I I « Hi* • l t««t 
of tywufuoioft of ^XatoXtlh^rleii folfiffMoiUyi ^ItiA «« ^ o 
platttXoto aiij& lionootatlo tm^tism &a *|iftl4^l%jyo* aaA 
'•soooa&aary'* thf@a^oor-|op«i3l3 puvpifft« JHooA J[i i9f 
Sttfaaiaiy H,, BaiMi^ole, W, aaA M«1«O!H % {UW* *flAttlo'l«t tIX» 
SliortoaiA pXatoXot sorrlTaX tlai«« aai 4«ro2^^Mi«l «f pXttIo* 
Xtt fig#i»ti2iiiMt foXXowlng mltipXo pli^oXot t»«»i[tu«loao% 
f jn»o, «90« oacp, l ioi« liod* Sgt 230t 
3to3Paor]it% H« aal lowooa^t f^f* <X99$)* * & • uoo iC Inff«r» IJ I 
bXoo4 ooagoXalioii sta&iss** iioaol* i* QU^ ^mmf^ &* i t f t 
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vmgam$ I*i Mt^trnptmymt I , aai %aymoo^  1« (1996 )• Ma^at atnAlM 
9ft i H l ^ ^3^94 tt«lXa aat plAt«l««9t f» B9b|<dip^«Bft«« 
i«lpMart t« «aA TIIUPIE** A« <I95@)* AHuULiiti mA smiA ^o«fliatfts« l a 
i ^ i t t lilooA tt«ll« aaA p]U.t«l,«ts« Ax9h* Siooiita* 3io|iiy«« 
iall«r» B«4* (19II9)* *4 9ujsr«at 9oii8«s«lea «f ^Xo9d d9aiula.ti9ft* • 
WaXXcr, gtB», Ii9iyp, i « i , , £ari«»» 0« «nl #3?98St a« (X9@3)« f9»Mi^ 
%9li|^ WMaii€t«A uml iti«fgl99 t9ff«9tflift9l 497 f&r9a:b993rt9% 
f a:p|«gt W« «ad €lisi9liiA% 0» (191i)« Xa 09X9wi9h aaA Kaflaai lftt&949 
i a %i»i7a93.9sr 1* PP* 60S* 
i a f 9 | A«6«t ^«^7» ^«^ » ^ a99g9r9» ««B« (X948)« PX«;l9X9« 9X6X«it9» 
f i%7ia f9raftti9a mA ts^^mmtt^m «f puvlf l9d pf9ldiar9ia»ia 
asA tkr<»aaNipliMif ia« Aa«if, Jt ?li7«i9l* i H t 140, 
Wiur9, A«t,t dtt99tt lltll* 9111 399i9r9t V.S, (1947), *A fa9«9:r ia 
)pl«9a9 wikioii ««99li^at^ tlm atttlra«l9a «r p7otlUEt»ii^ la% 
J* 3i9l« C»i9% M i i ^ ^ 
i9r9t A.&p, i^ tiriftt^ t ^•^v &^ il99i«r9t ft«a* iX94f)* *m9 ^imttifta 
9t A9«>s^¥aXla l a ^Xo9d 9l9tti9g*« i9i9ao9 jy^t 6Xi« 
ff9if9» A*&« 9ai& I^9t«r9| t«H« (X9ld)« *J9m«ai A9««X9^1iat f97»ati9a 
fr9« plftMA Ao«4|l9%ftiliat 2*^9 ia %lm& 99«ealiii9% partlaX 
purlf I99ti9ai fiP099r«i9«f luaH %Ui«aiilmtiT9 &9li9raia«li9a*« 
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«»», A«§,t ami 3««£*Bi, f«a« CXf^ a)* *F}.a»«i M««I<»f«l9if @l«%allat 
paitlal p«ap|irid&tle% qmiexltlativ* Aw^mv^t^im^ ftaft 
i«r«t A«0« Aiift s««c«r«« i»H« (2INlt)* *fir9*ttftii« pm@9lmm t^v l ^ 
A«t«»«yiiftloa 1^ f3f» i^V9»%lj| «9»8«mtffttida*« ASM^^  #« @llat 
?at^ l i t 473U 
K0ar*« ^t i%1t« a«4« H I SS3^ 
Wafr«% J^aiMet (X9S9), *IN>t«raiag|iea of Mallii ftal^*t 
f tl»««r» wwiaai f»« ia%«Pt»» E*l*» f«a i^lc« §«B, (1964). *S«ao«tas|ii 
Sa f aator Tt &«riiii.«aEi^ , iaar» J« ili&t i«i« J|§i JU«, 
M0m^9i»^ I«t#, i0hs£fa«rf #• aM l«n«r , 2* CldS9)* St^i tc »a 
U ^ «f fattor T «sdi fattar TZIX la flwiiaMi mtm lla^wa* 
ffiatv^f x«)t* (1^9)« «miaioal a«ta$al»i^« If •&* l«a^«%igiV« 
mUa&«JL^4at ll*i«4« ^s$* 0a f latal^ta a ^ lladi a9agttl«l|/^»* 
l lai l l^f M* (X95&)« *Jlttmd^ « 0f Bi09li«m|jeal iiaal^«l«t Mit@r 
ft i^« Hilfiaaiiiea 1^  ^ l i n * m«M»3. .|Miaii9ft« 
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X«ta f9XX«i»X]|g fttvttiritXoii mA •urglfiaX 99«emtidat« 
f r i i ^ t i ^*^* (XfO«)« Oxlgia &aft naturt of t ^ %U9A fX&t«a«%8, 
3#9t9% li»J* S«J* ^ t i43« 
0f t ^ IkXoed f X«l«X«t»« ^* oat^ * Mod* ^ i 3^» 
V artist« I»iftf KoXXt i^ f« «a^ st»»«Xiy f , CXfS9)* hiat «f wymiaffm* 
SHvamli* 4i«tM* l«a93nrli« avq^ X^* 4* 
Wwtm^ X«^»f £eXX«r| f* sud 3tim«U» f , (Xi«0), * I # P hUoA eX^ttUg 
f r i i l i t t X«t* (X9$8)« *M@mm2Atwt9 ^ WMtA tJott lnf faotd^S 
itmioXt S«t liBav«ax3r« f» , MaktiVf I*, «tKt §a««v»a% L, CX9$X)* 9XiiS0»#» 
i^jilioapliato da^Asogoaasa astlTlt^r In ]pXat«X«t«, mood ^ t 3U , 
MmkttPf B#l>» CX9if)t ^PXatoXot t^re«%ooio in aozsaX Hoi^oteoio** 
IXood 4} 83X» 
^QOlCiry Mil* (XM7)* fX«lo3yit •«iXtttia«IXe& mA •aooooBotrSotloa 
ao fa««or« I A Ofoiikaiiooiio ktsioolraolji in aovaaX, 1iupmibo«» 
oytofoalOy liopaariaJvoA a^ iA ^fopFoi&xton^iaoiiliB ^XaoA* 
AJMT. «r« P^oioX* 2 | | i 8 f l * 
SuokOTf MtB« (X90X}» Jgt lXoo4 fXatoXoto^ o&ltoA ^ S«4, Jo&»io% 
B«f, Moixloy J.W. loHnole, msA &»0« 8or% x^^ * lea1io% S.ilEtXo« 
273 
sittii^t ^ ^ C^99:i), *m&9A ?iat«a«ts% miMn^^uu iji«nouw 
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The conversion of prothrombin to thrombin remains as the centre of all 
theories designed to explain the coagulation of blood. In addition to the quanti ty 
of thrombin evolved, the rate at which thrombin is formed is of paramount 
importance. Factor V has long been known to have a key role in governing the 
rate of conversion of prothrombin to thrombin in all systems as yet devised. 
Ware and Seegers (1) proposed that the activity of Factor V, then called Ac-
globulin, was greatly increased by exposure to thrombin. This point of view 
is supported by a variety of indirect evidence (2, 3). For example, it is noted 
that on storage plasma retains its apparent Factor V activity but loses the quality 
which permits accentuation of its activity by thrombin. Materials which inhibit 
thrombin competitively, such as tosyl-arginine methyl ester, also interfere with the 
thrombin activation. Other substances, thought to be proteolytic, also activate 
Factor V under suitable circumstances. Among these substances are trypsin 
and Russel viper venom. Experiments utilizing plasma from patients congeni-
tally deficient in Factor V, parahemophilia, also show that this factor is crucial 
to the demonstration of this type of interaction with thrombin. Surgenor et at. 
(4), however, believe that the apparent activation is due to different conditions 
of assay and that the only effect of thrombin on Factor V is one of degradation. 
It is extremely important that this question be answered. Since thrombin 
is at the heart of all clotting reactions, whether in vitro or in vivo, it is crucial to 
know whether a substance exists which is capable of reacting with thrombin in an 
autocatalytic fashion. Tha t is to say that the thrombin is capable of increasing 
its own production by virtue of intermediate effects on some other factor, in this 
case, Factor V. If this is true, traces of either thrombin or Factor V would have 
effects out of all proportion to their quantity in terms of capability of accelerating 
coagulation. Positive knowledge concerning this point would change one's inter-
pretation of the thromboplastin generation test which is widely used both in 
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diagnosis and research. I t would also provide a new approach (o the prediction 
of a thrombosis-prone state and thereby provide a definitive test whereby anti-
coagulant therapy could be started in time to be of distinct value. 
In course of its at tempted purification, we have observed that Factor V 
which has been exposed to thrombin behaves in a different fashion during cus-
tomary separation procedures, suggesting that Factor V undergoes a structural 
change when exposed to thrombin. Since Factor V activity is not lost and 
sometimes increases under these circumstances, the findings strongly support 
the earlier hypothesis that Factor V is activated by thrombin. 
MATERIALS AND METHODS 
Assay of Factor V: The assay was carried out by the methods of 
Borchgrevink et al. (5) (hereafter referred to as the RVV-plasma assay system), 
and Stormorken (6) (hereafter referred to as the aged plasma assay system). For 
purposes of comparison, fresh beef-plasma was used as a reference standard and 
defined as having 100 units Factor V/cc. 
Protein was measured by optical density at 280 m/x. Amounts 
too small to measure by this method were measured using Folin's method (7). 
Crude Factor V: It was isolated from bar ium sulphate adsorbed bovine plasma 
using the acid precipitation method of Cox, Lanchantin, and Ware (8) or am-
monium sulphate precipitation (9). Qualitatively similar results were obtained 
with each but because of better yield, all of the experiments shown here were 
carried out on salt precipitated material. 
Factor V: I t was isolated by chromatography on diethylaminoethyl (DEAE) 
cellulose. A 28-cm. column was packed according to Peterson and Sober (10). 
It was washed and equilibrated with several volumes of tris buffer, 0-0175 M, 
pa 7-35. Crude Factor V was dialyzed against this buffer and added to the 
column. Elution was accomplished by a variable gradient as described by 
Peterson and Sober (11). Tris buffers were used in concentrations of 0-0175 M, 
0-3 M, and 0-3 M with NaCl added to a concentration of 0-1 M. These were 
placed in the first, second, and third chambers respectively. All buffers had 
j&H 7-35. Flow rate was maintained at 30-40'cc./hr. and collected in 10-12 cc. 
aliquots. Each effluent aliquot was dialyzed to isotonicity prior to assay. 
Activation by thrombin: Activation was carried out by adding 5 units of throm-
bin to approximately 400 units of salt precipitated Factor V in tris buffer. This 
was incubated at 37°G for 30 min. centrifuged at 1500 X^ (0-4°C) for lOmin . 
and dialyzed overnight against the starting buffer before being added to the 
column. 
Molecular weight determination was done by the sedimentation diffusion 
method of Ehrenberg (12). Density gradient centrifugation was carried out according 
to the method of Britten and Roberts (13) using a sucrose gradient established 
by the method of Bock and Ling (14). 
Thrombin was further purified chromatographically from topical thrombin'^"-) 
(Park Davis & Company) according to Rasmusscn (15) with minor modifications. 
RESULTS 
Stability of Factor V was found to be considerably enhanced by the addit ion 
of sucrose. This was particularly marked during storage of crude and purified 
fractions by freezing as evidenced in Table I which shows that the addition of 
sucrose to a concentration of 0-3 M results in almost complete preservation of 
activity at —20''C. 
EFFECTS OF THROMBIN ON FACTOR V 
TABLE I 
Sucrose effect on Factor V stored by freezing 
(RW-Plasma assay; results expressed in seconds) 
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A. Storage Effect 
Zero 2-days 
Sucrose 0-3 M 23 27 
No sucrose 23 33 
7-days 
27 
37 
B. Effect of Sucrose Concentration 
Sucrose concentration Zero 
17-days 
29 
41 
12-days 
0-0075 
0025 
0 1 5 
0-3 
r only 
M 
M 
M 
M 
24 
25 
26 
24 
26 
50 
51 
33 
25 
52 
Separation of Factor V activity from most of the protein present in the 
crude fraction can be seen in Fig. 1. It is interesting that relative differences 
in activity are noted depending on the assay system used although peak activity 
is similar using both the systems. When expressed as activity in units per mg. 
of protein, this represents a purification of 800 to 1000-fold. 
If the crude fraction is exposed to thrombin prior to chromatography, the 
active fraction is eluted distinctly earlier than was the case with non-activated 
crude Factor V. In order to confirm this difference between the two forms of 
Factor V, a mixture of the activated and non-activated preparations was placed 
•-—« RVV PIflimo Assoy Sy». , 
— A9M ' • " ,1 
^ — 0 0 290 / | 
1 i 
1 
f i 
1 \ 
) \ 
SO 100 ISO 200 290 300 390 
COLLECTION VOLUME (MltLlLlTERl 
FIG. 1. Elution of non-activated Factor 
V from DEAE-cellulose. 
The peak of activity of non-acti-
vated Factor V occurs in the 
volume from 220 to 240 cc. of 
eluate. 
50 OO P50 200 290 300 35o ' 
COLLECTION VOLUME I ml) 
FIG. 2. Elution of activated Factor V 
from DEAE-cellulose. 
Exposure of the Factor V to 
thrombin results in a shift in 
elution peak from 190 to 210 cc. 
of elution fluid. 
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on the column and eluted in an identical fashion. As seen in Fig. 3, there are 
two peaks of Factor V activity corresponding to the pattern one would expect 
from Figs. 1 and 2. 
The thrombin-treated and untreated Factor V preparations were also studied 
by ultracentrifugation. As can be seen in Fig. 4, no difference can be detected 
in the conventional ultracentrifugation procedure. Accordingly, the prepara-
tions were tested in a sucrose gradient. Under these circumstances, it is possible 
to demonstrate a difference in density between the activated and non-activated 
preparations. As seen in Fig. 5, the Factor V, which has been treated with 
thrombin, sediments somewhat less rapidly than that not so treated. This finding 
is compatible with the concept that thrombin cleaves Factor V into a somewhat 
smaller molecule. 
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FIG. 3. Elution of mixture of non-activa-
ted and activated Factor V from 
DEAE-cellulose. 
A mixture of Factor V and of 
Factor V exposed to thrombin 
reveals two elution peaks corres-
ponding to those seen with the 
individual preparations. 
These experiments show clearly that thrombin alters the properties of Factor 
V. It remains to be shown that Factor V is activated by this alteration. Such 
activation was seen regularly but not invariably when the specific activity of 
the fractions eluted from DEAE-cellulose was examined. The best activation seen 
was 9-fold. The difficulty in reproducing significantly the increase in activity may 
be related to its transiency. Fig. 6 shows that the apparent activation of Factor 
V is different, when measured in purified fractions, from that seen in whole 
plasma. Such activation is clearly not due solely to the effect of thrombin on 
the assay system since it requires Factor V for its complete demonstration. A 
considerably greater activation is seen with purified fractions than that which is 
seen by the addition of thrombin to whole plasma. However, the persistence 
of the activation is greater in whole plasma. This rapid loss of activity in the 
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FIG. 4. Ultracentrifugation of non-activated (lower) and activated (upper) Factor V. Sedimenta-
tion proceeds from frame on left progressively to right (Spinco-56,100 rpm). 
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Fio. 5. Sucrose gradient oT Factor V. 
Fractions are numbered from the 
bottom of the centrifuge tube 
upwards. Three tubes were spun 
simultaneously. One tube con-
tained non-activated Factor V 
and was tested for Factor V 
activity. One tube contained 
activated Factor V and was tested 
for Factor V activity. The third 
tube contained non-activated 
Factor V and was tested for 
protein by Folin's method. The 
non-activated Factor V appears 
to have a greater density than 
the activated preparations. 
purified fractions may be related to the presence of anti-thrombin in the whole 
plasma which rapidly neutralizes the thrombin and thereby prevents its further 
degradative action on the preparation. 
The material eluted as active fractions from DEAE-cellulose appeared pure 
by several criteria. As shown in Figs. 4, 5, and 7, it was horrib^eneous in the 
ultracentrifuge and on diffusion. Electrophoretically, it migrates on Pevikon 
as a single band at the j8-2-globulin locus. However, on immuno-electrophoresis, 
one extra band in a region could be detected. With this reservation, the mole-
cular weight of Factor V has been calculated at 182,000. Using the preparation 
of greatest purity we again examined the effects of thrombin. In Fig. 8 is seen 
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the marked activation brought by mixing highly pure Factor V and thrombin 
which is three times that predicted by the summation of effects of these factors 
individually. Under these conditions, the actual activity continues to exceed 
the predicted activity even while declining sharply. The greatest activity per-
sists for 1-3 min., the most critical part of the clotting process. 
Direct evidence of the proteolytic splitting of Factor V by thrombin has 
also been obtained by showing an increase in the trichloroacetic acid soluble, 
ADDITION OF HORE 
THROHBIH HERE CIVES 
NO CHANfiE 
VHOLE rLASHA 
THIOHI IN ADDED 
FERIOD OF INCUBATION WITH THROMBIN 
F:o. 6. Activation of Factor V by thrombin. 
Thrombin is added to equivalent amounts of 
normal human plasma or to the fraction 
eluted from non-activated Factor V chromato-
graphy. As a control, thrombin is added to 
the assay system containing no Factor V. 
FIG. 7. Diffusion run of non-activated Factor V. Diffusion is from left to right with pictures taken 
at eight-minute intervals (double-sector cell, 9341 rpm). 
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ninhydrin-reactive fraction of the thrombin-Factor V mixture over that seen with 
the individual factors. As yet this has not been correlated with activity but 
supports the concept that peptides are released in association with the activation 
process. 
S 3 0 0 
EXPECTED 
SUMMATION 
THRONOIN 
( e 09 U m T ) 
TIG. 8. Activation of Factor V by thrombin. 
Thrombin is added to Factor V (both 
chromatographically pure). The effects of 
thrombin, Factor V, and of the combination 
on Factor V activity are assayed. 
DISCUSSION 
The addition of sucrose as a stabilizing agent has been considered by others, 
particularly during the precipitation steps of purification. This demonstration 
of its effects in preserving Factor V during freezing are new and of a magnitude 
not previously described. Couphng this with the purification obtainable through 
chromatography, the present preparations seem particularly useful for the acti-
vation studies described. 
Several observations in the present experiments strongly support the concept 
that a structural change in Factor V is induced by small amounts of thrombin. 
T h e change in elution position from DEAE-cellulose suggests a significant change 
in the quanti ty or location of molecular charges. T h e change in position on 
density gradient centrifugation supports the probability of a change in molecular 
weight. It seems unlikely that thrombin could accompany Factor V, either 
bound or unbound, through these purification procedures. Under the conditions 
of chromatography used, thrombin elutes with the first solution used, a consider-
14 
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able distance from the Factor V activity and with the bulk of inert proteins. 
The increase in trichloroacetic acid soluble material following exposure to thrombin 
is again consistent with the removal of one or several peptide fragments from 
Factor V. Because of the magnitude of the changes observed and the absence 
of changes observed in conventional ultracentrifugation, it seems probable that 
the proteolysis is limited and leaves a molecule which is very similar in size to that 
of the unaffected Factor V. 
Can one then correlate the increased activity of Factor V with this structural 
change ? The kinetics of the reaction (Fig. 8) suggests that the maximal acti-
vation is over before any isolation procedures could be carried out. However 
even after the passage of ten minutes and probably longer, the Factor V activity 
remains in excess of that predicted from simple summation of the quantities of 
thrombin and Factor V in the mixture. It is believed therefore that the data 
presented point the way to a direct experimental approach to the structural 
changes involved. 
T h e importance of answering the question as to Factor V activation by 
thrombin is obvious with relationship to an understanding of coagulation. In 
addition, this may prove to be of practical value in the clinic. If the structural 
changes associated with Factor V-thrombin interaction are known, these can be 
searched for in vivo as a possible test of thrombosis. The present experiments 
reinforce the evidence indicating that such a transformation occurs and provide 
an experimental approach to the isolation of such activation products. 
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Preparation of Water Insoluble Thrombin.* (28897) 
QAMAR ZAFAR HUSSAIN AND THOMAS F . NEWCOMB (Introduced by E. R. Woodward) 
Department of Medicine, University of Florida College of Medicine, Gainesville 
The preparation of water insoluble proteo-
lytic enzymes such as trypsin(l) and papain 
(2) has been successfully accomphshed. It 
is possible to remove such enzymes quanti-
tatively and rapidly from reaction mixtures 
by physical means such as filtration and cen-
trifugation. This permits the investigator to 
use these insoluble enzymes in the study of 
intermediate steps in progressive proteolytic 
reactions. The study of blood clotting has 
been hampered by the difficulty of isolating 
intermediate reactions. A central component 
of the clotting process, thrombin, not only 
clots fibrinogen, but also appears to acceler-
ate the early stages of its own formation in 
an autocatalytic manner. We therefore felt 
that an insoluble thrombin would be particu-
larly advantageous in the study of clotting 
processes involving activation or degradation 
of other clotting factors. We have prepared 
such a water insoluble thrombin by coupling 
soluble thrombin with a copolymer of p-
amino-DL-phenylalanine and L-leucine, and 
report here some of its properties. 
* Supported by a grant from the National Heart 
Institute. 
Materials and methods. Preparation of in-
soluble thrombin. Bovine thrombin (throm-
bin-topical, Parke-Davis & Co.) was chro-
matographed on Amberlite, C-G-50 type II 
by modification of the method of Rasmussen 
(3). The inactive protein was washed off the 
column with 0.1 M sodium phosphate buffer 
pH 7.5. The thrombin was then eluted by 
0.3 M sodium phosphate buffer pH 8.0 con-
taining 1 M sodium chloride. The active efflu-
ent was concentrated by dialyzing against 
10% polyvinylpyrrolidone for 24 hours fol-
lowed by dialysis against 0.154 M NaCl for 
4-6 hours at 4°C. This concentrated throm-
bin had a specific activity of 665 NIH units/ 
mg protein as compared to the starting mate-
rial, 57 NIH units/mg protein. 
A copolymer of p-amino-DL-phenylalanine 
and L-leucine was prepared at the Weizman 
Institute of Science, Rehoboth, Israel by the 
method of Bar-Eli and Katchalski(l).t This 
copolymer has a molar ratio of L-leucine and 
p-amino-DL-phenylalanine of 2.1:1. Coup-
ling of the thrombin to the copolymer was 
t This was given to us through the generosity of 
Professors Ephraim Katchalski and Michael Sela. 
Printed in U.S.A. 
PREPARATION OF INSOLUBLE THROMBIN 
accomplished in a manner identical to that 
for preparation of insoluble papain(2).t The 
diazotization of the copolymer resulted in an 
insoluble brownish-orange particle which was 
subsequently washed in phosphate buffer, pH 
7.5. Thrombin (5000 NIH units in 5 ml of 
buffer) was mixed with the copolymer (100 
mg weight before diazotization), and stirred 
at pH 7.5, S°C for 24 hours. The prepara-
tion was washed free of reaction products 
with sodium phosphate bufifer, 0.1 M, pH 7.5. 
Siliconized glassware was used. Addition of 
50% glycerol to all solutions appeared to 
improve the yield(4). 
An alternative method used the principle 
of coupling prothrombin to the copolymer fol-
lowed by thromboplastic activation. Since 
Factors VII, IX, and X would be expected to 
increase the yield of thrombin, no attempt 
was made to eliminate them from the prepa-
ration. Normal oxalated beef plasma was ad-
sorbed with BaS04 (100 mg/ml). The BaS04 
was eluted with trisodium citrate (0.14 M, 
pH 7.5), dialyzed against phosphate buffer 
(0.05 M, pH 7.0) and chromatographed on 
DEAE cellulose column. The fraction con-
taining prothrombin was eluted with 0.3 M 
sodium phosphate buffer and 1 M NaCl, pH 
8.0, and concentrated and dialyzed as the 
thrombin was. The activity expressed per 
mg of protein showed a purification of 132-
fold. This preparation (containing 41.25 mg 
protein in 12.5 ml) was coupled to the co-
polymer as above. It was then washed in 
buffer and activated by a thromboplastic mix-
ture containing Russell Viper venom (Styp-
ven®, Burroughs Wellcome Co.), Factor V, 
and calcium. The resulting insoluble throm-
bin had properties apparently identical with 
those of insoluble thrombin prepared by di-
rect coupling. 
Esterase activity was tested using p-tolu-
enesulphonyl-L-arginine methyl ester (TAMe) 
as substrate(S). The formation of free car-
boxyl groups was titrated with sodium hy-
droxide by the pH stat technique at 37°C, 
pH 7.0 with a Radiometer type TTTIa, au-
t We acknowledge with thanks the advice and help 
of Dr. John Cebra, without which this preparation 
would have been impossible. 
tomatic titrater. When measuring activity of 
the insoluble preparation, it was necessary to 
stir vigorously to maintain dispersion of the 
insoluble enzyme. Results are reported as the 
amount of NaOH necessary to keep the pH 
constant and hence equivalent to the acid re-
leased by the hydrolysis. 
Protein was measured at 280 m/i in a 
Beckman DU spectrophotometer and by 
Winzler's modification of the method of Fo-
lin and Ciocalteu(6). 
Platelet-rich plasma was prepared by cen-
trifuging human blood collected in acid-cit-
rate-dextrose, NIH solution B, (1 part ACD 
to 3 parts blood) at 170 g for 15 minutes. 
The platelets were separated from this plas-
ma by centrifugation for 30 minutes at 1500 
g and then washed in a solution consisting of 
6 parts tris buffer, pH 7.3, ionic strength 
0.154, 2 parts ACD, and 1 part platelet-poor 
plasma. The washed platelets were resus-
pended in a standard, separately prepared, 
platelet-poor plasma to a concentration of 1 
million platelets/mm^. One drop of this sus-
pension was mixed with approximately 0.037 
mg of insoluble thrombin on a microscope 
slide, incubated at 37°C and examined under 
the phase microscope. 
Commercial human fibrinogen (Merck 
Sharp & Dohme) was diluted in tris buffer 
to give a 0.1% solution. 
A control preparation designated as inac-
tive copolymer was prepared by boiling in-
soluble papain(2) for 3 hours. 
Results. Fig. 1 shows the esterase activity 
of 10 NIH units of soluble thrombin com-
pared to insoluble thrombin derived from 
.0255 mg of copolymer. The latter represents 
the equivalent amount of thrombin (calcu-
lated as 11 NIH units) if 100% yield had 
been effected. Fig. 2 shows the esterase ac-
tivity over a range of substrate concentration 
from 0.9 mM to 8 mM. Use of the double 
reciprocal plot permits the conclusion that 
the Michaelis constant for soluble and insol-
uble thrombin under these circumstances is 
nearly identical. This was calculated (7) to 
be 3.23 mM for soluble and 3.22 mM for in-
soluble thrombin. 
The stability of insoluble thrombin was 
evaluated by measurement of its esterase ac-
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HYDROLYSIS RATE of TAME 
• — • Insoluble Thrombin 
O—O Soluble Thrombin 
Tome Hydrolysis by Thrombin (Lin»w«over-Burk) 
Colculotsd 
Km '3:23x10 • 
sol 
• — • insoluble 
• — • soluble 
Minutes © ,4 .6 .8 1.0 1.2 1.4 
FIG. 1. Soluble thrombin, 10 N I H units in 0.1 ml, was added to a reaction mixture contain-
ing 9 X lO"' M TAMe in 6 ml. Insoluble thrombin was added in an amount calculated as 11 
NIH units assuming 100% yield. 
FIG. 2. Calculation of Km for soluble and insoluble thrombin where S = substrate concen-
tration and V = initial velocity of TAMe hydrolysis. 
tivity. The stability is considerably enhanced 
by addition of glycerol to a final concentra-
tion of 50% (Table I ) . This stabilization by 
glycerol is similar to that seen with soluble 
thrombin. 
If insoluble thrombin is added to fibrino-
gen at 37°C, no macroscopic clotting occurs. 
However, the thrombin particles agglutinate 
after a period varying from 5 minutes to 2 
hours depending on the preparation. If the 
particles are removed before agglutination 
and examined microscopically, no fibrin is 
seen. If examined microscopically after ag-
glutination fibrin is found adherent to the 
particle. If the supernatant solution (either 
before or after agglutination) is decanted 
and placed at 4°C, a solid gel forms. Serial 
exposure of successive tubes of fibrinogen to 
the same insoluble thrombin particles results 
in gel formation in the cold in each tube un-
til the particles become agglutinated. This 
gel is most likely cryoprofibrin which was 
described by Shainoff and Page(8) and re-
sults from the action of small amounts of 
thrombin on large amounts of fibrinogen. 
Neither esterase activity, gel formation, 
nor fibrin formation is observed with the con-
trol preparation of inactive copolymer. 
Addition of insoluble thrombin to platelet-
rich plasma causes clumping of the platelets 
with each other and about the particles, fol-
lowed by the formation of fibrin strands on 
and between the particles after 15 minutes 
TABLE I. StabiHty of Insoluble Thrombin a t 
4°C Assayed by TAMe Hydrolysis. 
(Moles X lO-'/lO min) 
Day 
Activity 
with glycerol 
Activity 
without glycerol 
20 
-8 .1 -
3.65 
7.96 
With 
glycerol 
3.56 
Without 
glycerol 
1.23 
The preparation was stored with and without 
glycerol from day 0. On day 3, the aliquot without 
glycerol was assayed and again divided and stored 
with or without glycerol added. All values are cor-
rected for dilution. 
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;X4 
FIG. 3. A. Platelet rich plasma and control particle. Noto platelets have settled out of 
focus and lack spicules. There is no fibrin. B. Platelet rich plasma and insoluble thrombin 
particles. Platelets have clumped and fibrin has formed. 
to 2 hours. This is not observed when the 
control material (boiled insoluble papain) is 
added in identical fashion (Fig. 3). 
Discussion. In addition to demonstrating 
the feasibility of preparing an insoluble 
thrombin, these experiments raise new ques-
tions. The Km reported for soluble thrombin 
is consistent with that previously reported by 
Sherry and Troll(9) if one considers the dif-
ference in pH involved. No comparable data 
have been published for insoluble thrombin. 
Insoluble thrombin resembles acetylated 
thrombin(10) in that it shows excellent ester-
ase activity, but decreased clotting activity. 
It might seem therefore that the coupling 
procedure blocks amino groups and perhaps 
hydroxyl groups of thrombin as acetylation 
does. Diazotization is more likely to involve 
aromatic groups, however(ll), therefore an 
alternative explanation of the preferential 
hydrolysis of TAMe over fibrinogen is 
needed. Bar-Eli and Katchalski (1) have 
shown that insoluble trypsin can hydrolyze a 
low molecular weight substrate such as ben-
zoyl-L-arginine methyl ester at a rate 6 times 
faster than that seen with larger molecules 
such as casein. It seems reasonable that the 
physical properties of the insoluble enzyme 
interfere in the latter reaction and that this 
explanation should be investigated further 
with regard to the insoluble thrombin-fibrin-
ogin reaction. It may be concluded, however, 
that the preparation has the ability to cleave 
fibrinogen and can initiate the complex proc-
esses which result in clumping of platelets 
and fibrin formation in plasma. Thus we 
believe it highly likely that insoluble thrombin 
will be a research tool which can be used to 
explore the intermediate steps of clotting once 
its preparation is optimal and its properties 
defined completely. 
Summary. The preparation of an insoluble 
particle having some of the enzymatic prop-
erties of thrombin has been accomplished by 
coupling thrombin to a copolymer of p-amino-
DL-phenylalanine and L-leucine. Esterase 
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thrombin activity is easily demonstrable and 
some clot forming activity is preserved. 
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Thrombin stimulation of 
platelet oxygen consumption rate' 
Q A M A R ZAFAR HUSSALV AND T H O M A S F. N E W C O M B 
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Gainesville, Florida 
HussAiN, QAMAR ZAFAR, AND THOMAS F . NEWCOMB. Thrombin 
stimulation of platelet oxygen consumption rate. J . Appl. Physiol. 
19(2): 297-300. 1964.—Oxygen consumption of human 
platelets was measured by O2 cathode. Platelets were prepared 
by collecting blood into ACD solution, and isolation and wash-
ing in buffer by centrifugation. O2 consumption was measured 
by vibrating cathode at 25 C in Hank's solution. The Q02 
was 14.5 ± 4.8 myiimoles/min 10' platelets with added glucose 
and 21.4 ± 5.0 with added glycerol. Thrombin addition re-
sulted in increase in Qo, of elevenfold lasting 3-5 min followed 
by clumping of the platelets. EDTA blocked the thrombin 
effect. Similar effects were noted when prothrombin was 
activated to form thrombin. 5-Hydroxytryptamine was without 
effect. With EDTA the reaction had two phases, a phase of 
thrombin effect and a calcium-dependent clumping phase. The 
observations are compatible with the hypothesis that thrombin 
alters platelet permeability. 
platelet clumping viscous metamorphosis of platelets 
platelet respiration measurement by O2 cathode thrombin 
effect on platelet respiration platelet respiration 
platelet intermediary metabolism 
T„ .HE IMPORTANCE OF PLATELETS to normal hcmostasis 
is well established, however relatively little is known 
about the relationship between the function of platelets 
and their viability (11). The evaluation of platelet 
viability has relied upon measurements of oxygen utiliza-
tion, upon in vivo survival, or upon clot retraction as 
those parameters most likely to be related to satisfactory 
function in vivo. All of these techniques are useful, par-
ticularly in observing the eflfect of different methods of 
platelet preservation. However, they are all cumbersome 
and do not lend themselves to kinetic studies. The pres-
ent study reports the use of the oxygen cathode in the 
study of platelet respiration. In addition to simplicity, 
this method also has the advantage that small changes in 
oxygen utilization can be measured from moment to 
moment under varying conditions. Because of this, it has 
Received for publication 20 September 1963. 
' This work was presented at the Federation of American So-
cieties for Experimental Biology, (Federation Proc. 22:505, 1963). 
It was supported by Public Health Service Research Grant 
HE-04967. 
' Fulbright travel grantee. 
been possible to show that thrombin induces a profound 
increase in platelet oxygen consumption rate. 
METHODS 
Platelets were prepared by collecting human blood, 
100 ml, in acid citrate dextrose, N I H solution B, (i part 
ACD to 3 parts blood) in plastic bags. The blood was 
transferred to siliconized jars and centrifuged at 170 X 
g, for 15 min at 4 C. The platelet-rich plasma was re-
moved with a siliconized pipette and recentrifuged at 
1,500 X g for 30 min at 4 C. The supernatant was dis-
carded and the platelet button resuspended in platelet 
wash solution, consisting of 6 parts tris buffer (pH 7.35, 
ionic strength 0.154), 2 parts ACD, and i part platelet-
poor plasma. The platelet-poor plasma which was used 
to prepare the platelet wash solution was prepared by 
collecting blood as above, centrifuging it at 1,500 g for 
30 min at 4 C, transferring the supernatant plasma and 
recentrifuging it at 100,000 g for 60 min at 4 C. The 
supernatant plasma was then carefully removed and 
frozen in aliquots at —20 C. This procedure was carried 
out in order to provide the platelets with a milieu of 
plasma proteins which would be normal and which 
would be stable from experiment to experiment, regard-
less of the plasma milieu of the donor from whom the 
platelets were isolated. In addition, it was felt that the 
protein in the wash solutions tended to stabilize the plate-
lets so that their resuspension was accomplished more 
easily and with less platelet clumping. After a second 
washing of the platelet button as above, they were sus-
pended in platelet wash solution and adjusted to give a 
concentration of i million platelets/mm^. Under the 
microscope, no white blood cells could be seen con-
taminating this preparation and there was approxi-
mately I erythrocyte/64,000 platelets. 
Oxygen consumption was measured in the G M E oxy-
graph, model K. The instrument was standardized by 
equilibrating the solution in the cell with a mixture of 
O2 and N2. Between zero and 20 7( O2, the response was 
shown to be linear. Response time and zero oxygen 
value were established using D-glucose and glucose oxi-
dase as recommended by the manufacturer. 
The cell was filled with modified Hank's solution (9), 
2.5 ml, containing glucose 0.001 % or glycerol 5 %. All 
solutions were equilibrated to 25 C. An aliquot of 
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Hank's solution, 0.3 ml, was removed from the cell and 
immediately replaced by the same volume of platelet 
suspension. Other additions were carried out in a similar 
fashion. 
Thrombin was prepared by a modification of the 
method of Rasmussen (10) using Thrombin Topical 
(Parke, Davis & Co.) as starting material. The product 
had an activity of 665 N I H units /mg protein. Serotonin 
(creatinine sulfate complex hydrate, 5-hydroxytrypt-
amine) was obtained from the California Corporation 
for Biochemical Research. EDTA (from the same source) 
was used as a solution of ethylencdiamine-tetraacetic 
acid (tetra sodium dihydrate). 
"Prothrombin" containing factors VII , IX, and X 
was prepared from oxalated beef plasma. This plasma 
was adsorbed with BASO4 (100 mg/ml) . The BASO4 
was eluted with trisodium citrate (0.14 M, pH 7.5), 
dialyzed against phosphate buffer (0.05 M, pH 7.0), and 
chromatographed on DEAE cellulose column. The pro-
thrombin and accelerator containing fraction is eluted 
with 0.3 M sodium phosphate buffer and i M NaCl, pH 
8.0, and concentrated by dialysis against 10'v poly-
vinylpyrrolidone for 24 hr followed by dialysis against 
0.154 M NaCl for 4-6 hr at 4C. The prothrombin 
activity expressed per milligram of protein shows a 
purification of 132-fold. The presence of factors V H , IX, 
and X was compatible with the aims of the experiments 
described here. 
A thromboplastic mixture was prepared by mixing 
equal parts of Russell viper venom-cephalin, factor V, 
and calcium. For this purpose one vial of venom (Styp-
ven. Burroughs Wellcome Co., 5 //g) was dissolved in 
100 ml of a 0.025/f suspension of crude cephalin (12). 
The factor V was derived from oxalated beef plasma by 
a procedure to be described elsewhere, consisting of 
BASO4 adsorption, precipitation with ammonium sul-
fate, and chromatography on DEAE cellulose. The 
preparation used had no prothrombin or thrombin 
activity and represented a purification of lOO-fold when 
expressed per milligram of protein. 
RESULTS 
No oxygen consumption is observed if platelets are 
omitted from any of the mixtures to be described. Under 
the circumstances of these experiments one can easily 
measure changes in dissolved O2 of 5 m/jmoles with a 
response time of 0.5-2 sec. 
PLTS 
549 
cm 
5min 
' * - - * ^ 
lOOm/xMoles Oz 
rio. I. Platelet respiration with added glycerol. The slope of 
the line is inversely related to the rate of 0-2 vitilization. 
Clump 
FIG. 2. Addition of thrombin markedly increases rate of O2 
consumption. Basal rate calculated from dotted line. 
Figure 1 shows the platelet oxygen uptake in the basic 
system with added glycerol. Oxygen consumption has 
been followed up to an hour and proceeds in a linear 
fashion. If thrombin, i N I H unit, is added, the oxygen 
consumption increases progressively as illustrated in 
Fig. 2. The maximum rate of oxygen consumption is 
reached about 1-1.5 rn'n after thrombin addition and 
persists for 45 sec to 1 min. It then decreases abruptly 
to maintain its previous rate or less for 25-30 sec followed 
by gross clumping of the platelets and interference with 
the recording. 
As a check on the specificity of the thrombin effect, a 
system containing prothrombin was studied before and 
after its activation to thrombin. In Fig. 3, a mixture 
consisting of prothrombin which has been activated by 
the thromboplastic mixture of Russell viper venom, 
cephalin, factor V, and calcium induces the same marked 
activation of platelet oxygen consumption as purified 
thrombin. If calcium, or the Russell viper venom-
cephalin mixture are omitted, there is no acceleration of 
oxygen consumption. The omission of factor V decreased 
but did not abolish the thrombin effect. 
Serotonin in a concentration of .01 M was without 
effect on the oxygen consumption of platelets with or 
without thrombin. 
If EDTA, 0.04 M, is added prior to thrombin addition, 
no thrombin effect is seen (Fig. 4.A). This blocking effect 
of EDTA is not overcome by additional thrombin. 
However, if EDTA is added after the thrombin, accel-
erated oxygen consumption still occurs even though 
platelet clumping is not seen. The addition of calcium at 
this point induces clumping without further change in 
the oxygen consumption (Fig. 4^ ) . 
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FIG. 3. Effect of '"prothrom-
bin" on O2 consumption rate. 
A: protlirombin is fully acti-
vated just prior to addition. 
B: identical to A except that 
Russell viper venom-cephalin 
mixture is omitted, thereby 
prothrombin is not converted to 
thrombin. C: identical to A 
except that calcium is omitted, 
thereby prothrombin is not 
converted to thrombin. 
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FIG. 4. Effect of EDTA on 
thrombin acceleration of respira-
tion. A: addition of EDTA prior 
to throinbin abolishes accelera-
tion. B; addition of EDTA after 
thrombin fails to block accelera-
tion of respiration but abolishes 
platelet clumping until calcium 
is added. 
Clumps 
The results are summarized in Table i. There is a 
lower rate of O2 consumption with added glucose than 
with glycerol (P = o.ooi). With thrombin, there is a 
consistent and striking augmentation averaging eleven-
fold. 
DISCUSSION 
The present method of measuring oxygen consumption 
gives results which appear significantly higher than 
those previously reported. Campbell and co-workers 
(4) reported values of g myumoles/min 10^ platelets 
(values converted by us from 12.1 /xl O2 platelet/hr X 
10^^) and Bettex-Galland and Liischer (i) obtained 
8.4 m/iimoles/min 10 ' platelets, (converted from 10.9 
(ilOi/hr 10' platelets). The results of Chernyak et al. 
(5), 17 m/amoles/min 10^ platelets (converted from 
704 ix\/hr ml densely packed platelets) are more com-
parable to our own, however, his values do not permit 
any but the crudest comparison because of the greatly 
T.'^ BLE I. O2 consumption of platelets, 
m^moles/min 10^ platelets 
Condition* 
Glucose 
Glycerol 
Glycerol and 
thrombin 
No Exp. 
9 
15 
'5 
Mean 
14-5 
2 1 . 4 
238 .0 
SD 
4.8 
5-0 
34-4 
* All measurements were in Hank's solution with added glu-
cose ( 1 % w/v) or glycerol (5% v /v ) . Thrombin was added as 
described in text. 
different method of expressing the results. All of the 
above studies utilized gasoinetric techniques with 
measurement intervals varying from 15 min to i hr. It 
seems unlikely that the discrepancy can be accounted 
for on the basis of platelet "fatigue" since in our system 
the platelet respiration appears to progress at least up 
to I hr without diminution. We noted in our experi-
ments that damaging the platelets, as evidenced by 
clumping, resulted in much lower oxygen consumption. 
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Therefore, we hope that the present method will prove 
useful as a sensitive measure of damage during platelet 
isolation. 
The stimulation of oxygen consumption by thrombin 
was impressive. This finding disagrees with the report by 
Bettex-Galland and Liischer ( i) that thrombin inhibits 
respiration. This disagreement is probably resolved, 
however, if one considers that the thrombin added to 
the present system greatly shortened the period during 
which the platelets functioned as isolated respiring units. 
Thus measured as total oxygen consumption in a more 
prolonged experiment with a lower thrombin content, 
this may prove to represent a decrease in the total 
amount of oxygen consumed. Tha t this is truly a throm-
bin effect, whether direct or mediated through other 
plasma constituents, seems inescapable inasmuch as a 
mixture containing all the necessary ingredients for 
activity is inert until these ingredients are reacted to 
evolve thrombin. 
In postulating possible mechanisms for this action, the 
experiments of Grette (6) are pertinent. He showed that 
upon exposure to thrombin the platelets release rapidly a 
variety of constituents including 5-iiydroxytryptaraine, 
adenine nucleotides, inorganic phosphate, and free 
amino acids. It seems reasonable therefore that the 
respiratory enzymes, substrates, and cofactors present 
in the platelet mitochondria might become suddenly 
available under the influence of thrombin for the induc-
tion of the rapid oxygen consumption observed. 
Bettex-Galland and Liischer (i) have shown that 
there is an increase in glycolysis and lactic acid produc-
tion when platelets are exposed to thrombin. Born and 
Esnouf (3) have shown that adenosine triphosphate 
(ATP) disappears rapidly from platelets during the 
clotting process, a finding confirmed by others (7, 13). 
The significance and reproducibility from species to 
species has been questioned by Grette, however. These 
findings would be consistent with the uncoupling of 
oxidative phosphorylation, a question first raised by 
Lasch (8). If so, this would be a new and unique func-
don of a proteolytic enzyme. Zucker (13) has noted 
that thrombin itself does not hydrolyze ATP. Rather, 
the available evidence indicates that the contractile 
protein of platelets functions as an ATPase. 
Further study of the clumping phase of the present 
experiments would also be useful. The present study 
indicates that the clumping is not necessarily associated 
with the thrombin stimulation of oxygen consumption, 
but requires calcium to occur. This is an indirect con-
firmation of the theory of Grette (6) tjiat thrombin in-
duces profound changes in the platelets which allow 
subsequent penetration of calcium ions into the platelet. 
These ions, appearing intracellularly, initiate contrac-
tion and subsequendy aggludnation of the platelets. 
Other authors have described platelet clumping systems 
in which the clumping is induced by adenosine diphos-
phate (ADP). However, as yet no one has successfully 
demonstrated an increase in ADP during the clotting of 
platelet-rich plasma (2). 
C O N C L U S I O N S 
The respiration of blood platelets can be rapidly and 
conveniently measured by the use of the oxygen cathode. 
Using this technique, an oxygen consumption rate of 
14.5 m/imoles/io* platelets per minute for platelets in 
glucose and 21.4 m/umoles/io' platelets per minute for 
platelets in glycerol was shown. Addition of thrombin to 
this system resulted in an immediate elevenfold increase 
in oxygen consumption rate with subsequent clumping 
of the platelets. Based on correlated findings from the 
literature, it seems most likely that the reason for this is a 
change in the permeability of the platelet with sudden 
availability of mitochondrial respiratory systems. 
The authors thank Dr. S. N. Chaudhuri for his advice and help 
and Susie Demps for valuable technical assistance. 
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